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A planning study for graduate study in th^ 
■atheaatical sciences in Ontario undertaken in 1976 •77- resulted in 
some general and specific observations abjbut the Ontario 
universities, in general, graduate work in tl\e aatheaatical sciences 
is of good quality, and aost fields of aatheaatics are cwiple^ely 
covered in one or another university; some fields are indentifiel fot 
J|_urther developaent. Erirolla^nt projections are considered .to be in 
'^balaoce with the number of' graduates and job opportunities, although 
erirollaent-to-graduati^ ratios are Iom for doctoral students. It is 
recoa*^nded that' the- universities carefully watch 

enrollaent/graduation data ^and the eaployaent aarket for changes. . It , 
is also <felt .that part-time study be made available at the aaster's - 
* l%vel wh^n feasible. Specific recoaaendations are made for -the ^ 
individual universities^ prbgraa development efforts. (BSE) 
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FOREWORD 



The Ac^isory Coimnittee 3n Academic Planning (ACAP) , as presentlw /" , 
constrcuted, was established by the Ontario Council on Graduate^ti^df es 
at the request of- .the Council of Qntario Universities in January, 1971. 
The Advisory Connnittee's terms ol reference were directed broadly toward 
the eff€cti\re planning and rationalization of lang-term .graduate 
•development in Onfajrio's universities both at the level of individual 
.disciplines and at a more general level. The Advisory Committee* s 
activitieb are based on the premise .that graduat ^^work is the one ^rea 
of uni^^ersity activity -in which sp-ecialization among universities, 
coofierat ive- arrangements and conprehenfeive planning are-mos-t necessary. 

'In March, 1971, concern over the rlsilig costs for 3upport of graduate 
work ppomptcd the OntarrO' government to institute a general embargo on . 
funding for an>' new graduate programme, tWat is, jne which had po students 
earolled on May*l, 1971, . Thi'S embargc/wdS subsequently modified to 
include only those disuJrplmes in wh^icAij ove r-expan^ion was felt to be v 
potentially mos-t seriousr. ACAP was ti pegin immediately planning' studies 
in'thos'€ disciplines' whi ch rem.aine^ ^fibargo^d. 

'The disciplinary planniryg ppoo^s begins with the formation of a - 
discipline group composed of t^ne representat ive ^f rom each university with 
an interest m ^raduat£ work in the planning area. The discipline group 
assists in dtf ini-i;j^J)c?1fe precise academic ' bourtdarie s of e^ch study, 
scrutinizes the data collection forms, prepares'^a list of potential 
Consultants^ maintains contact with the Consultants during the study, and 
prepares a commentary on the consul tan ts '^rtteport . 

The final decision qn consultants for "the planning stud^ is made by ACAP. 
The consul tants'arfe requested to make recoHimenda t ion^- ^on programmes to 
be offered in. Ontario, desirable and/or likely enrolments, the division 
of responsibility for programmes aicong universities ,* and the desirable 
extent of collaboration with related disoiplines. 

While the consultant's report is the single largest element in the. 
final report on jl^e planning study, ACAP considers the s tatemen,t ^of each 
university's forward plans to-be most significant. These forward plans ' 
are usually outlined prior to*the planning study, and are- used as a basics 
for comments from the universities concerned on the consultants' repcprt. 

On receipt of the comsultants ' report, and comments on it from the 
discipliiae group ^and the ^^niver'sit ies , ACAP begins work on its own recom- 
mendations fof subtiission directly to the Council of 'Ontario Universities.' 
COU consicfers the input fr®m all sojurces, and prepares th^ position of the 
Ontario univer-s'ity comm'unity. * ^ • 



* * * .*Couficilft)fOntafioUniver5itids f 

Con^ei.} des Uni,ver5it^5 1* Ontario 0 

' ' Report and Re cofnnen d a t i on s . . " • ^ 

/- ^ * . cortcerning graduate studies 

i n Mathe^ati cal SLciences ' - 

On the "instruct i qns ^of- tfie Council of Onta rW Un i ve rs i t i es i-TIhe Advisory > t * 
Comni ttee ^on-lQCcademi c Planning has conducted a planni^ng assessment , for 
'tKe "mathemat i ca 1 sciences. The resultant repprt from"'ACAP is a.rtached 
together with the consultants' report and the. comments on it by the dis* 
cipline group and the* i nd i v i dua 1 universities^ Cpmments on the ACAP 
report by the Ontario Council on Graduate Studies , fhe discipline group, ^ 
Queen*5 Uffiversity, the University of Toconto,,and the University of Windsor 
are also published and foHav the ACAlf' report. The pifocedure and techniques 
used Tor the assessnent are described in the ACAP report-and are -not repeated 
here. J't is i^^portant for' the reader to read the ACAP r*eport^ the comments 
on i^t and Its attachments in Oifder to understand the recommendations in' this 
report fror COU « 

The ACAP report and supporting documen tat i o^JNe re tl i 5 1 r i bu ted • to COU,^ OCGS, 
the Council of 'Deans of Arts and Science and the discipline ^roup on November 
19, 1976. Thie^ uni vers i ties , OCGS, CDAS and the discipline gro^up were asked# ^ 
to submit to CT)U by December 23, 1976, any comments__they wf,$hed to make on A,^ 
the ACAP report. ' COU discu'^^ed the report and the -^Dmmen ts Tece i ved at its '-4;^ 
meeting on January 28, 1977- Follov^in^ the d i scuss i on '^^t that meeting, this 
Report and Recommendations was j^repared and approved hy^'the Council, on March' 
11, 1977., The document- is •add'4;€V5ed to the Ontario Council on ilniversity 
Affairs and the universities of O^ltario. . . . • • 

The follovving princi^pies have 'been adopted and will apply to tfjis and all other 
COU Reports arising out , of assessments. !t is noted, however, that in view of 
the- recent change -in the funding mechanism for gr:aduate studies, the "currently 
embargoed programmes'' referred to ' i n principle, should, for tVie purposes of 
this Report, be . i n te ro re ted to*me'an programmes in mathematical sci ences deal t 
with in this planning as see sme;ri t . I f 

1. Discipline assessments^ by ACAP should form the^ basis for planning by 

the univeraJties of the i r^deve^l opment of,^aduate studies, particularly^ 
PhD programmes, -«0n 'the basis of these assesisments , COU shoulcT make \ t^'' 
. own recommen^dat i ons *on ' Qur r^n 1 1 y embargoed programmes. .Each university 
must retain the f<^edom and respons i b i 1 i ty" 'to pl^n and implement it's 
own a ca demit: de^ve 1 opmen t . However, the uni'vers ►'t i es i'h ehibarking on a " 
' coope ra t i ve p 1 ar^n i ng pnocess have s i gna 1 1 ed ^thei r ' i n ten t i ons* of cooper*, 
ati ng< wi th -the COU recommendations. 



/ 



Uni vers*! ties' general ly plan their emphases,.,J/i gradljate study On the - 
bases of rejatej departments, n^t of s i ng le/departments . Initially 
the seque^nrt i a-l .nature offthe discipline pl^fnning assessments' made this^^ 
difficlilt. However', by the summer of 197V» assessments pf most of the 
soci al /'^jei ences , all of the physical scle^^ces', ehgineering doctoral 
work, ar>d a number of professional areas/were compl.eted. On the.iafor-- 
mati on and recommendatri ons ava i1 able , e^ch unl verst ty should be able ft) 
make decisions concerning its suppor^t^of graduate programrues in these 
areas. Amerfdment^ to university resp^ses to the kic^vidua'l discipline 




' • . . «f " 

- 2 - • ■ 

i" ■ ' . ■ ■ ' - '\ 

p I an/j i ng. assessmen ts may then m^de in the wider context of ^ *grpup . 
olF /erate<| disciplines and amendments^ to COU's Ofigina? Reports on an 
irydividual discipline may be required. - - ^\ • , i 

ihe first concern in, planning is to revi'ew the >^ality o'R'graduate ,r 
Aoppor tun i t i es- and of students in Ontario universities and to make. ^ ^ . 
' judgments^abou^^ how to proceed or not^roceed based on'quality c6n$ i 5*" 
erations i;* The procedures have made us'e of "h i gh ly quaii f i ed^*ndepen4«i*l: ' 
consu I tan ts'^w.ho have no direct interest- in the universities frr Ontario.' 
^ccrj^rdi ngly , COU feels bound to accent their judgments abou t,;qua 1 1 .t^^^. 
where th'ey are stated clearly unless* unconvinced tlTat thei r con£,l uslonlf 
about quali^ty are ixons i s ten t v; i th 'the i r evidence. COU ' s recommenfiati ons 
in the case of programrr^s which ai^e af ^unsatj sfactory or Questionable ' 'fj i 
quali^ty will call ^o r , d i^scon t i n ua t i on or , the ca r ry Tn^ "out of an "appra i s^t , ^ 
tf thre continuation of the programme is n6\ crucldl to. the province's ^-' 
offerings. 'In' some causes, however, there rr^ay be a par'ticuFar need for 
t?he programme and the appropriate recommendation will be to strengthen 
it, with an 'app ra i I fo I 1 oy i ng that ac t i on . It is also poss^j b 1 e .tha t 
if there were-foun^ to be too large, a number of b rpaxil y'^based programmes 
* ' tfiere caul-d'-be a reconme^nda t i on to discontinue .the weakest; in this case, 
an appraisal for a rore* limited prOgr^^mme might-. be relevant". ' V 

4> A se<:on^ consideration is the -scope -of ^^pportun'f ti es for graduate work " • ^ ^ 
in the discipline. 'Oa^ the Jntario programm.es together of fe n a ^sat^iis factory^ 
coverage of- the main divisions of the ,d! sci p I i nes? 

• • ' . ' - . . ^ ^ ' . ^ ; ^ • f'^ ^ 

5. Numbers of students to be planr^eci fonwifl depend on the likely number 

of ^applicants of high quality and^ in some cases may relate to an esti'mate'*' 
of society '.s ne^s . Such estimates may be reasonably rel.iable.in somfe , ^ ^ 
cases and .not' in others, ^If the plan^ of the un f VST^ i^t i es appear to be ^ \^ 
consistent with the likely number Qf*vyell qua 1 i f f ed /a^pp 1 i can ts -and' th^rev • 
i$ either no satisfactory basis for estimating needs or there'is no" 
i neons i s tency be twepn a reasonable estimate of nee^ and the uni^vers i t^ es ' 
plans, then COlJ wi H take note of the facts 'without makirrg recommendation^.' 
. on the subject of numbers. , \ ' , ^ • 

. If the '.numbers being planned for b^ the tjni ve rs i t i es are grossly. out bf 
line'with the' ant i ci pated total of well qu^ 1 i-f i ed s tuden t5 , ore reliable 
estimate of needs, COU will make appropriate corrective recommendatM orvSt'- ' ^; 
.Depending on the* c i rcums tanceS , these may cal 1 . for» ^ change in the total 
numbers to be planned for- apd "i ndi cat ions of which institutions should 
increase,^ decrease^ .or di s^nttnue . Thf ^ecomn3endat ions in seridys cases *- ^ 
may n^ed to specify dep^^rtmen^tal figures for each un i ve r% I ty- f o r a time. 
J f the numbe r*s be i ng pi ainned for a re i nsuf f 'i cLen t , the rfecommendat 1 ons 
may .caj^l for expans*ionr, or new programmes, and may hrave i mp 1 i cat i ons ' f o r ^ ^ 

both operating and capital co'&ts. • \^ . * i - ' 

»" Utiless there are excepti.onal circumstances, the recommendations con,- ^ 
•cerning enrolment wi IJ not call for a university to^ refuse admission ' 
^ 'to any we 1). qualified student who wishes to work \x% a fiejd j^R\/h i ch, 

that uni-versity of-fers a programme and* i wh i ch^ ^^Jt.'|hajuJi]Sj-£^^*^ to ^* 
accommodate the student/ . * "* 




1 i 



-6. tf|e -quality of gra^'ate pxografl^mes^ T% part ly^ dependent on size/arKl 
for each programrrje, ^dependi ng on how ii^.^ ' des i grfed^and i scope^ 
thQfft^is a'^ininium 6f eyr^Jment belc^'^ which qua'll'ty qay suffer. 

' Thaf^n limber cannot 4e expi^f-^ed^for^tj^^. jt.scipl ine* as^ a v^^^ 

only /o,r* I'ndiyidual prpgrafruties de^pendlng pn^ thei.r:'^ puppos^^^ their 
resources Snd'ttie^r 
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\-.r .:- 



Un1 versj tSes. yvi.*l f Jbe expected to»,.^t I f y Cf>U ff *theV Intend t6 d^gji^^rt' ; 
frofft -t^e COU J'veport in any ^^ay' wh i'ch. thfey believe mi'^t tfave a s i cin i f i cant 
bearing'on .th^ provinctal -•fflVnli^ '^v.a • ^- ' ' / 

8V ^Appraisals arising^^s the,,f*^u^1t of 'Assessments , axe tc be b.a^etL-Ori tbe . ' v 
.'standards buC^not necessarl ly '4b^>V9Qft^^f 

in tHe/provInC€, ^ > - ^"^^'^ ' ^ ' ^ ' " ^ ^/ 

. ' ■ • ^ ^ . V-' / . ^ ' -h' 

General observations concern7t^^m.a,thQ^ftl»tj ca^} ^j&T^hceS 'f: i " - - * , 

J-:^ ^^Gradu^te work in the mathemat i oa 1 ' sciences-, the uft-i v:e/slt^ie'5' 'of Ontario -^^ 
'Is' of g(;pd quality with at^ |e#st-<5ne Orlta^io^^uni ver^.||fy^^.ra'^ed in the top^ 
'two or 't^t-'ee in Can"adf -in maiiV*'of|£-the ^f'tel ds^.'ind eac1l,^bf the ^^'ur^areas ^ 
of th^ HI qr'i pA\ . ^ ^thp eQm[>ute'd- s'-^tTice^^ r^mme at'4:he JUni vers i ty ^ a.fe'' 
^ Toron'to is except i ona 1 .by Northf Am^ri can^ st^ci3t,ds. ' . f"^ 

2/ Mdst. 'fields of the mathemat r cal: scieTTce^^ f*easonab ly bipmpJ et^Jity ^covered j^'' 
'in one or other of th6 un ^ve rs i ti'es . The-_ consul tan ts. di|J^ however,* identify. 
^/ certain ar^.as v/hich shoQld bct-fftir tj^e(i:v de.f«VvOPed ,'i/o.r '^x^mp'l e , applied* 
"f^ probabiJity: ' ' \ \ ' ^p^t- 

-- J, The urifversi ui^s ' enrolment projection^ ^re consTd|i1^ by the csnsul tants^. to 
be generally in 'balance With thte ^number of graduates and job* opportun i^t i^s. ^ / 



Enrolment pure mathemati.cs i^-;ap exc^^gi^rfe'^ifT^d the recent' trend towards * 
Jower enrolment, is \o be encou fagecf. * % 



Ery;oIment to gVad4jation r^at^O* for* cJo'ctora-L siu^ntS give jcause fqr concern; 
furtheV s tud ies 'shoul d be^ undertaken to ascertain the. problems aVid their < 



sol ut i'ons . 





/5 * 



mmended- Xhat : 

^ The 'urKi ve/s i ties gi ve ^car§f<ul\tQ!h5 i deration to. the comments of t'he 



,C<»^5ul tan ts and plan their d6<!tqral adml;$§ Ions po ensure for^ each of |i 
4he 'areas a re^onable ba 1 ance "Betweeli thi^^'YiuffAer t>f graduates .and* ' ^? 
the employment oppo-rtuni tf*^s . >s^^^ ^ : ' 
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%) The'Njniyersi tMe$ plan, for rougWy stable fulj-time enrofjrtehts at "* , ^ 
'■^\*the*m^5tfer,' 5 teyel but be prepared to adjust their sights in response^ 

, to any tK)table change In -the eppfoyinent market. * ^ *' ' -^^'^v, 

^ " • > « *" 

4,<;) Itve univetrsi ti.es exami ne ;<t^ei/ enro Iment/graduat iofj data to cft-termine 
- ^the Ufiderl^'ffig .cause for* the high raHO of .enrolrfients 'to graduations 
iSwd. work *^Kitf'. tire cijscjpllne .group to es t abjij sh V(ha4: ^ac.t i Qn ; i f any , 
J 5 ^5^ded- l-%e^, afj^o. recomfnendTation }1 . . ' 



Part-time study at the maste.r's level be made available when appropriate*^ 
an'd prac't i cab U . _ ^ ' . * * *' . i ^' . 



3. a). The Mathematical ences, Di sc i p H ne G'r^ufi review the er^roVment- 

eunploynient situatl^ anoudUy afnd make approp-ri at-e retommendat i ons 
to ACAP to adjust the target object i ve^ni f this is warranted. 

b) The disci.plyie group report to ACAP by May 31, 1977, 'pn the seeming^ly 
^high enrplment/graduation ra t i os / mak i hg specific recommendations 

i'f^this se^ms ^appropr i ateT ^ ^ • /. - * 

c) The d1 sc i p] i ne group, in additi'on to, its normaTrole, undertake a 
study of the ^any recommehdat i ons of the consultants' in'- Chapter 

: . ' 'I t I- .that deaUvyith matters of collectjve concern, 'The Qroup should, 
report to ACAP before May 31, 1977. on the deVi r ab i 1 i , feasibility 
^and.^where appropriate th^^' ^ mp lemen ta t i on.^of . the action^ proposed in- 
recor^.nendatrons 38, 39 > ^Q,'^^ a^d ^5 of the consultants' report. 

The Un i ve rs i ty .of fgrocto 'and York' Un i ve rs i ty. report to ACAP by .December 

31, 1977, crn progress in cppnectFon with: . ' ' ' 

a^ th^ i nyo 1 ve^'ment 'of •York faculty i the supervision of 'research 
students at the University of Toronto, ^' 

' * b) the development of a regular statistical^ semiiiar i nvo 1 v i ng' ;the 
col laborat^i cxo' of both groups, and 

c) the prcfppsed ^programme in compute r * sc i ence at York,*if \t is to 
.involve co 1 1 abo ra t i on w i th the University of' Toronto. 

, . . \ ' ^ 

5. Car ^e ton Uni versi ty and 'the University of Ottawa report to ACAP through 
the Joint Ot tawa-Ca r le ton Committee for Graduate Studies by Deca<mb«r 31, 
• J977, on progr*es5 tov-^ards: 



/ ' a) * a cooperative programme in the Yield of information and s-ystems 
sc iegce , ' " * f ^ ; 

* b)- i'ncreased collaboration among .the s ta^t i s t-ic i ans of the two un i ve rs i' t i es , 

c) the development of a comprehensive joint programme of academi^c work' 
^ ; ,1 n fOfV^ter science for "the Ottawa area, i ^ ,\ 

6. Gue'lph , McMaster ' and Waterloo urn versi ties and the Univer^i ty of Western, ^ 
' Ontario distuss the possibility of coM abo ra t i on in the varjety^of ways ^ • 
/ i nSi c^ted by' t^he* consu 1 tanls and report to ACAE^-hvL Decembe r 31,. 1977. 

^ 7. The UT>iversi^ty of Toronto continue i'ts graduate programfnes in all four 
Sreas of the mathem^ftcal ^-ciences. ' 

8.' Jhe University of Waterloo continue i-ts graduate fifogrammes in all four 
areas of t'he ^nath^mat i cal science^/ ' , ' * 
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9. Carle ton Un i vetiy's i ty * " , • ' * 

'aj continue |'t5 doctoral programmes in pure and applied mathemat'ics 
and statiitt'cs with more* precise definition of the f-ields offered 
in the applied area, and 

b) implem^t i t5_ i n te rflepa rtmen ta 1 'programme in information and 
Science, after consul tat ion wi th the University of 
^s called for in recommendat i'^on 5, and giving full con- - . 

sid^ati^on to the cdns ul tan ts ' view on. the role #of statistics 
anci'probabi 1 i ty in th is f ie 1 d. ^ 

10. .The l/n i vers i ty of Ottawa \ , " ' ' ^ 

• « 
, ' a)/ *con t i nae • i ts master's (Drogramme in pur^ mathematics, develop-' 

and submi l^ThHfca*pprai sal i t% proposed MA(T) pr^^ramm^ ,anrd sub-^ 
^ mi t its TOctoral programme in pure mathematics for appraisal, 
ceasing to enrol new students after December 3' » 1977,* unti^ 
a favourable appraisal has been pbtained, ^ ' , 

Jd) continue its m^ster'!^ programme Jn applied mathematics, develop - 
an i n te rdep^a rtmen'ta 1 • p rogY^Tie in mathematical economics and ^ 
^ submit its aloctora'i p^rograiflme i^rhapplie'd mathematr>§ for appraisaj, 

ceasing to enrol new students after December 31» '977, until^a ^ ^ 
favourable appra i sal, has*"- been obtained, 

• c) submit r f s i nterdi sci pllniaf^y^^rias ter ^s programnte in general * 
lyVtems and information sciences for apprajsal, ceasing to 
ehrol students affer December, 31, 1977,-urftil a favourable 
app/aisal ha^ b^en? obtai hed, , ' ' ** 

d) submit its master's, aad doct^a} programmes i,n statistics for • 
^ appral^sa 1 , .ceas i ng to>enro} hew students a^fter .December 31, ''977, 

until a favourable apprai sa 1 'has been obtained, and \ 

\ ' ' ' ^ i ' 

e) defer further development of U^'s propor^ed mas te r ' s. programme in 
computer^ scfencepend i ng the r^esults of tfie d i scuss i on called , 
for in f e common da t i on 5. ' , ' » 

}\,' (^ueen ' s Un i vers 1 ty continue its dobtoral programmes in pure an<^ applied 

mathematics and statistics and continue to str.engthen its master's programme 
in computer scip.ece. ACAP' endorse^ the^nsul tants '. vidw tha£ th'fe proposal 
> for a PhD progra^niffe in cdr1i[TUter scf,ence» be (Referred. 

12. ^ " McMas ter University . 1 ^ ^ * ' . ' 

a) continue its gVaduete prcf^rammeis in pure mathe;nat i csv * C 

' i . ' ' ^ _ \' - 

b) complete the reorganization ot its^^raduate work irri statistics and 
f' submif the' revi sed^ programme for appraisal, ceasing tO enroj new 

' stwdents after, December 31, 1977, until #.a favourab le ^ppr^isa 1 has 
been obtained, and » ' * * 



/ f 



c) strengthen its fapuiUy with "'Inspect 'to po'r^. --s^b^ects^m- jpomputer 
science and cpntinu^^fts mas t^er^s 'programme,. ^ / "^^i' . 

The Universfty of We^t^rn Qntand' « ] * , * ' 

a) ^^InLie \ master's programme ln pure*'math^ma|;iQs\arid $ubi:ni t 

its doctoral programme for apptalsal, ^ceaslil^ *t^* er^roT ^rrew $tudent$ 
aftfer"iDecember*;^1 1977,* ant i f a ,favourable^apprai%a1 has been. 
ot)taine.d, * . * ' , A 

b') continue, its graduate progi:ammes i n. app I i ed ^athemat i cs , 

' ^ • . . . ;'v .V ' 

c) submit for appraisal its graduate programmes in s tat i s 1 1 cs , -ceas ifig 

to enrol n^w sti^ents aTter December^! , l377,-t*ntil a favou^r.abl^ 
app ra^i sa I ^as "Deen obtained, arid 

" . . • . ! ' 

d) * con I i nue M ts master's pVogramme* i h -computjer science but defer 
• * implementation of its pr3posed PhD programme as suggested by 

the consul tan ts . ,^ ' • 

-The OniveFsity cf Windsor • , - . 

* * f 

aY 'continue its master^s programme* in, pure mathematics and^submit ^ 
its doctoral for appra^sal, erasing to ^rol new students after 
December 31,' 1SZ7, until a favoifrable appraisal has been obtained) 

b) continue Its graduate programmes in applie"{l raathemat i'cs , 'and^ 

c) St rengthen^T/t^ staff in probability and statistics By the^ 
addition of two strong, research-oriented ni^mbers or subjlttt . 
its doctoral programme. in statistics for apfj^raisal, ceasing tp 

, enrol new'students after DeCen^er 31, 1977, V^^'^ ^ favourable 
appraisal has been obtained, y ^ ^--^ \ 

The University of Gael ph Continue its master's programme in st^ti sties 
and consider the consultants' cTomments and' suggest i ons concerning i t^s 
•work in pure and applied mathematics,' reporting to ACAP oa the results 
of Its del liberations not later than Hay 31, 19-77. I f , the 'dec i s ion of 
the yniversity is ,t6 retain sep.arate' maste r ' s programmes in pure ^nd 
ap^plied mathematics, they should be submitted by September 30, 
for review by the Appraisals Cprtfrii ttee . \, ' ^ 

* If - 

Lakehead Uni vers i ty 

a)' continue its master's programme in pure mathematics and applied 
analysis and^cpns i de r , the-< consul tants ' suggestion td ^submt t fo.r« 
appraisal a mas^ter's programme, in pure|mathemat ics , unrestricted . 

• , ' in scope :^nd of fering the' degree by course "work or thesjs, and 



17. 



b)* defer until 1979~80 its proposal for a *progr.amm_e in' applied 

* computer stience in the light of t'he con^O'l tan ts ' comments 

. QOr^cerning the need fqr additional 's ta f^f .and^. X-^e development 

V of ^n adequate leVeJ o,f resear(iK activity. 

'York UniversJUy* r 

^ ^ — ' \ ^ ' ' . 

a)* con ti.nue ' i t? tunspec i al i zed master's D rogramqie ' i n. ma thema t i c's , 

'b) consider the consul'tants' 're commenda t i 6ns , con ce rn4 ng part-ti'me 
/ ""studies and/t5r»a ^pec i a 1 I zed/ MSc pr.o gramme in applied proba- 
bility, and. ' • ' ' . . • ' ^ . ' 

.c) give seri^ous attention' to the r^econmendat ions *of the consultants 
conc'erning /^Js, proposal for^ a master's programme in computeV 
sci ence . ' - , - ^' . 



18, In view of the recent phanges'in the .funding mechanism ior graduate ^ 
> ' stuciie^ iri.thS On ta r ro '.un i ve rs i ti-es , the Ontario Council on- Un i^/e r s i ty. 
Affairs take note of th^ completion of this pfanning assessment and the." 
^. coy recommendations wh[ich wi 1<1 serve as a basis for university S?'cis ion's 
i*n the field-of mathematical sciences. ' ' ' ' 

No^es coffee rninq the recommendations , / . * 

Re : Recommefid'a t i on 1^ , ^ 

«^ 

\A letter* from the Un i ve rs i ty *o f Windsor on recent acti'on has been 
pub 1 i shed . 



February 2.8'. 1977 



7 * 



ADVISORY' CC^iTTEE ON ACA^EMrC 'PLANNING 



PNTARIP COUNCIL ON QKADtJATE STUDIES 
- *t 



. 



f PPORT TO THE COUNCIL OF ^ONTARIO UNIVERSITIES 
^ * * ■ 'ON 
MATHEMATICAL SCIENCES PLANNING ASSESSMENT * 



i 

October 1976 



"The potential usefulness of a mathematical concept 
or technique in the advance of .scientific undef;5tanding 
has ver-y little, to do with what one can foresee before 
\ 'the concept or techniqiie has appeared." 



"Indeed, who* at the tfme of the writing of Appolonius's 
book on conic sections in the third, century B.C:^ would 
have dreamed that almost 2,000 years later, Kepler would 
h^ve employed his results to describe the motion of the 
planets?" . ' 



F.E. BroWder, "Does Pure Mathematics Have a Relation* to^ the Sciences? 
AmeTicsin Scientist y September-Octobe^ , 1976. 



•J. 



PROCEDURE ^ 

% 



-V 



/ 



On the 3<^'ice of \he'*0ntar4.o Council on Graduate" Studies, the Councj.1 of • 
•Ontario Universities, on May 3, 197,4 api^ovecl 'ACAP ' s schedule f or* plan-^ 
ning assessments^'in 1974-75,^,. whicTi include'd t*he conduct 'o;E a ^forroa'l plan- 
^flinfe assessment 'of mathematical, sciencask,. ' . - 

This assessment covers the foij^r^preas of math^^^tical 'scieriees , namely, l^g 
* - pure, applied, statistics and comput^er .scie%(^ . Only,'the latter area Is 
? under embargo but COU agreed that no new -graduate progralnm'es .would he * • 

^ started in the mathematical sciei^ces until aftir thev planning assessment 

. had been Gompleted (COU meeting April 3, 1975), ' ' ^ , 



/ 
/ 



The procedure and term^ of ^reference for the ass^essment i ^at tached as Appen-- 
*dix D, were f ormsTty" approved by C^U^ on J-anuary'^lO, 1^75 following approval 
by OCGS/' The new procedure adopted^ called for a' 'tt;ro-tifered pan'el of con- 
sultants camposed of two specialist advisors for each of the four areas . 
and three general consultants, one of whom must be^^ senior* Canadian aca^ 
demlc from another discipline. . \ 

■J , . ^ , . , . 

The Mathematical Sciences Discipline Group was constituted with two members 
natned by each of the eleven interested universities and 'one , observer named 
by two of the other universities. The membership of the discip^line -gfoup 
is given in Appendix E. ' , ' ' 

The ACAP portfolio for mathematical sciences is held by- Professor C. - 
Anderson who attends ^meetings of the discipline group when ACAP represen- - 
tation is necessary. • , ' •' ^ . , 

The group held its first meeting in January, f^Jb^y |p discuss ,the procedures 
and consider possfible consultants. Ad ho'c comtnlttee s were sttuck to draw up 
lists of specialist advisors for each area. ' < - 

^ ^ The advisors and consultants finally selected were-: 

Pur^f^athematics - -fW. A. J. Luxemburg » * » 

J" - N. S. Mendelsohn * 

Applied Mathematics - I* N. Sneddon ' - 

. — M. Wyman w'* 

^ J St^istics • - D, R. Bri^inger' 

' ^' * • ^ - W. H, Kruskal 
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, Computer Science 



- J. E, Hopcroft 

- J. M, Kennedy 



Consultants 



G. Birkhoff 

D. R. Cox 

A, H. Morrlsh 



Professor ^Morrish served as the senior Canadian academic from anothei^ dis- 
cipline. Brief curricula vitae appear in Appendix G. / ^ \ 

The' consultants and advisors met fbr two days in Hay to disCuss the assess- 
ment with-.t^e executi>/e vice-chairman and with the discipline group. The • 
universil^^ visits we^re begun in May. and continued through September.. (The 
.advisors ' then .wrote area reports' on the individual universities. Each; 
-report was submitted to the institution con5;^er2ed f or^CQBiraent.. The cop- 
sultants then prepared their report on- die bksis of the advisors^ reports, 

' the. uhiversities\/comments and thedr own observations* * 

• " ^ C 

The consultants' report was^ received by ACAP 4aa April, 1976, and servejd as 
^the basis for the preparation of this draft AtAP repo^rt Vhlch was approved 
at the June meeting, Bath^,repor ts w^r|r distributed to the universitieis 
and the discipline group for comment, '^he final ACAP report yjas writtjeu _^ 
following receipt of the comments and was sent, together with the various 
appendices, to OCGS, CDAS and.>the discipline gtoup for comment Jand tof COU 
for 'action, ' " " ^""^ 



c 



PLANNING TECHNIQUES 



For some years now, the universities of Ontarid have ,been committed to the 
belief that the quality and effectiveness of gradu^te^study in the province 
can be ensured only by collective and cooperative action. ^ This imp^le^ ^ 
mechanism for continuing consultation and agreement so that thp plans of , | 
e%ch u^i\ersity for each oU its disciplines ar^- concerted with those' of 
th^. other \iniversities. At any given time there will exist a plan for the 
development of each discipline, with' agreed and undjerstood roles fo^r each 
department; since graduate education is the most adp/^nced formal intellec-^ 
tual activity and is, thefeforey underling chang^, it ^s necessary that 
Such plans be kept undQ.r regulat rev^iew and be subject to ready amendment. 

The Council of OntarjLo Universities has assigned to| the Ontario Council on 
Gjraduate* Studies the task of advising it on the development of such plans 
and on the steps to b^ taken to cs^^rry them' into 'feff feet. The standing com- 
mittee which carlries out- these tasks for GCG& is th^ Advisory Committee on 
Academic .Planning. A significant role • is aTso playtd tiy.^the discipline 
groups, one of which is e;stablished for each Subject, with^ne or more repre- 
sentatives from each interested, university . Each discipline gro.up has the 
function of assisting and advising- ACAP in connection .with^its owji subject. 

ill e> above may give the impression that the planning activity is fragmented ^ 
on' a disciplinary .basis. C^his would, 'of coinrs«/ notlfte acceptable. Sinee 
the development ^ of one department in a aniversit'y should ndt b"e considered 
independently of its contribut J-on to the rest of i^ts university apd of the 
influence of the university as a whole on the def/artmtxi^*, i-t is most imppr- 
tAnt that universities ^s institutions play a central yole in the planning 
process. On^ of the mosf effective ways of doing this is by indicating to^ 
ACAP, the nature of institutional commitments to -a dep^^ment and institu-. 
tional aspirations for the 'department. , - 

The, most significant single inpi^t to a planning assessment is the set of 
statements from each univetsi^y of its p^lans for it/s department. When 
these are subject collec^tive sctutliiy 4^ may be found ts^at their totality 
c^onstitutes a reasonable plan for the disc^ipline in ^jtet^ri*, but ^n any case 
this set pf.^plans'is the first approximation to the provincial plan, t^hiQh • 
the planning assessment may have to rer^ine if there are dupMcated features, 
lacunae in liffering's, too large'a total enro^ient, or other Treasons iSo recom 
menti altering some of '£he university plans. The universitiesV are also ^ 
invplved in that the bodies that ,act on ACAP reports, i.e. both COU and 
OCGS, arer^composed of the universities. 

The f ormaiaocuments stating the responsibilities of ACAP and the discipline 
groups are^ppendix 'F. Brief ly^^suramarized , it is ACAP' s^jEunction to advise 
on staps to be tal^ep to implement effective provincial, planning at the 
graduate level, to promote the arranging of the -graduate programmes of 



'the province in order to enhance and sustain quality and to^avoid undesir- 
able ^ixiplication, and.'^when necessary, to carry out formal planning reviews 
for disciplines. A discipline group his the responsibility of keeping 
under review the plans for graduate work in the discipline and making 
regular progress^ reports to ACAP in co:inectlon with graduate work in that 
subject. To m^ke all'this possible, _it has been agreed^ that ACAP m^y^ 
commuhicate directly with universil ies and discipline groups, to' request 
Necessary ihf crrmarion, ^ to discuss^ reports, to convene meetings, and to ^ 
ma^ and r^a'feive proposals for the future. ^ . . 

The above information tias been given in some *d^^tail .because it- constitute^ 
the mechanism' currently approved by c'c U for cooperative graduaX^ work .* 



is fair to say that in 1971 there was 
gtudy in' anv discipline. Oi^r task is 



no mutually agreed plan fc^r graduate, 
not only 'tg^enerate 'the f'irst such" 



pl^n for eaclf subject but aiso to ensiire that itr i? kep^t under cont^nu^l ^ 



in 'the pl^n , 



The first i^ an^vsis « 
the formats o^f -st^jdy-whachr' should be availal^le to 

The second i^ an estimate of overall 



1*here are. f our^- f undanfental components 
of the fields of* study 
prospective students in the 'province . 
provincial enrolment at master's and doctoral levels based'p^rincipally on • 
the Likely numbers ^of highly qualified applicants. In regard to considera^ 
lions of manpower needs for the province of Ontario, AC^_ is conscious of 
the unreliability of forecasts and, except in special case6, subscribes to 
the approach proposed in the Macdc3nald Report (1969): >' 

The country as a whole and the provinces must be concerned ^ 
about m&npower requirement^ This concern can be^^pressed in the 
fir^t instance thorough '^^areful survey and ^brecastings of m-anpower 
needs' on a continuing basis* Such forecasts 'should be given wide 
circulation. It is " reasonable to expect that universities will 
respond by creating additional opportunities for study in the 
a^reas of shortage- In addition, the universities through their 
counselling sei'vices have a duty to ad\?ise students about the 
opportunities in various fields from the standpoint not o.nly of 
intellectual challenge but also of -vocational prospects §.nd social. 
utij.ity. The reaction of prospective students to such forecasts ^ 
is likely to provide an effective con^trol^ We ^liev^ the market- ' 
place, if its trends are made explicitr^^ offers an adequate gover- 
nor to p^i;event serious surfeit and Sto encourage movenfent*. of , 
students toward fields- of opportunity. 

The third component of the plan is an indication of the role played 
by each department in terms of ffte- programme it will^offer and its^academic 
emphasis. Cooperative arrangements between departments are stressed. , The 
fourth component consists of an examination of .the^ enrolment plans ^f the ^ 
universities and consideration as to whether the universities' plans and . 
the predicted enrolment for this dlscipl ine ' are - consi stent . If not, some 
appropriate action should be recommended to COUi -It will be se^n that , 
althougl( there may also be other aspects, these are four necessary com- 
ponents*in such a plan. 




In the^-mathemat ical sciences, an imba^lance ha^ appeared between the likely 
job opportunities as seen by-the cftp^ultants and the*number of, doctorat*es ' 
graduating. This ppobiejn is discussed in detail in tj^e next section. 

One mus C-' i^^iut.en .to aOid^-that the^futttr^ i_s uhcertain and that to forecast 
^i-tit-^lectual tifefl5^^:75^g5i^eitt--i,Tt^ atfS---^«ia{)lpyTnent markets lEive years 

hence'i^-:t^ uudjertajce to ^£a^|j^^^tiy -j^^ria^^ (Jf>c<)urse, this is no^t a 

'•new exercise ^"sft^ce^it'xiiHv^i^i^ a.bout huild- 

ing, staff fiiringj libra%5r-^$X^;^s:lw,-?.|^^i|>54^ an3_5a-^GXt^\, ~ 

and have done so* on a hasis^'b^'~^^l^ef^^^£^0^i^';'l^ 

forecasts have hein-move, ii\tuy:iv^'VKOT?^^^^^^^^g^^^^^^^d>-:^ 

have certainly been there. that as^new "^^^ 

•tically for the pro'vince. -"^'^^T ^ ' 

It will be realized that, at a minimum, tl^e planning procedtires we have 
iit&ix^teti--rt?<}-t±i:i^ afmuei -ref^or.tin^ o^ enrolments and annual examiil^tibn 
of admission standards. When there, are indications from thesa or bther 
§ources that some aspects of the plan^ for^ the discipline are not bei-ng i 
realized, it will be necessary for ACAP to initiate a review. Such' 4 " 
review would usually not involve outside consultants. .Whether -the impetus. A 
"C^e from a discipline group, a university or, ACAP itself; 9omments would-' 
be sought" from all conc?erned and the review would ' .cylmina'te in a report 
to COU r^ommending an amendifient to the plan. ^ / 

If a university notifies ACAP of its^ intention to depart from its accepted 
. role /(f^or exaiitple to enrol students in a "field not included in Its lender- ' 
s^ood plan), ACAP vi 11 rj^vxew the situation in the light of any'^oth^r such 
notifications it may twve ^received and any other pertinent factors. The 
extent of any further 5tud}^ would depend on the ^ituation, but>*if ACAP felt 
that the university's new plan could a C^u5e concern, j.ts^ f ^i^t^^^tept ^ 

wjjuid be to seek' full discussion with . the ' uniAJtift^'^Jty . * Nbrmally tTi^'i?^ O^fifl^i'* \ 
already have been discussion in the discJ-jJjLine group ^and- between univexi^^ities*^ 
and Che university would, have re'ached its ^t'l^tion a^t^ a careful exam'itia- 
tion of the general situation of ^graduatie study in the'^isoipline . Thus 
th^ ACAP decision Would be straightforward ^nd a] change.'^ in plan,would[ be 
recommended to COU through OCGS . If , 'how'^^V^r , ACAP' sttll felt that t^ere 
was a probability tftat the university's act i^n'' migh't be found, on,- furtlj^j;^ 
st-udy, to be potentially harmf-til to the systeto/ it wcjul#probably" nexj ^eek 
comment from other universities concerned and §3tom the* discipline group^.7^-^ 
In any case, ACAP-vould eventually make some recommendation to CflU (throug 
OCGS) concerning the variation. * .y 

It is difficult without a coricrete case^J:ib speculate on likely recommenda- 
tions, but perhaps t\io hyp€Jthe t ical situations will illustrate the extreme 
If a university indicated that, without 'any marked Qhange in. the academic 
emphasis of its department, it proposed to arrange to enrol* somewhere ground 
70 graduate' students instead of about '50, and if there were no changes at 




other universities-^ and no potential Sevelfopments which could be substanti- , 
ally affe.cted, ACAP would presumably simply .notify COU of the university's 
^intention and <reconunend th^t.it be recogalzed as ^n alteration in planlTor 
the ,discipLine. At the^other extreme if. a university proposed "to begifrfa 
'new 'programn^e designed to enrol fairly soon*some 30 PhD students 'in a fi^d 
• of the discipline already well cpve-red in Mother universities ,''it. would 
clearly be necessary to obtain reaction ^rom the discipline^ group and- fjom 
Qthe'r universities- and perhaps even some expert advice,, in order^for AGAP 
to generate anNaflvisory position concerning the impact of the pra^^al on" 
^ t3^e system and suggestions to the univejrsit}/ ^^^^t h^s*'' 

b^en noted, if there had been advance interiinj^Br^ty discus's ions * and agree- 

this v/ould.be a ^sitive factor in^AC^P's asse§;§ment, but there is of 
^^f^S^^h.^ possibility^hat the recommendation would call for -modification 
'*s intention^ wi, take that -to be: the obvious coneequence 
>jn ^^g>^njag. Of cfdurse, \he universi^ty could decide 'to_ act in 4 
P,V](^^^%^a^y>,^V|-4. recomm4ndatio\i, accepting whatever consequences 
* ' " *tit>^t to be the basic right of university 'autonomy. 

E^'^''*3B^^^??N'^^^MS^^^fc^^sity w-ill not act in"* this ^ay wi tfiout .the 

^^^ed in^^the precefling'p^ ragrJiph". 
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% GENERAL RECOMMENDATIONS 
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This section contains recommendations of a ge^^ral nature ''applic'Abie to all 
four areas of the mathematical 'sciences. ^ ' * t - r ^ 

Reference's following ^ recommendation t^fet to the consultants ' report. It 

iTQpi^tan;: r© note that the ACAP .report should be read in conjunct ion. with 
the consultants' report which provides background Jor the recommendations 
made here. Also, following the -custom used for other disciplines, ACAP , ' ^ 
recomjnendations are prefixed with the sxmbol 'C' to, avoid confusion w;t*h the 



numbering in the COU -^report. > * , 

Mathematics ;ls a c/entral discipline which ha's-long -been essential to the 
development?' of 'high quajlity graduate programmes ^ in the physical sciences and 
has become 'increasingly important. to graduate studies in the social and life 
sciences as well. For sudk\ d isc>.plin^s , graduate study at .the master's level 
is," by general agretament, a matter of institutional planning. -Master's pro- ^ 
grammes are of^fered at eleven of the fifteen provincial univer sitre-s , but 
involvement of the remaining four, either through cooperative ventures with . 
-other universities or on their own, might be anticipated-at some aime in the 
future. * . ' , V 



Quality and Scope 



The consuitantsChave many encouraging things to say about mathematics in 
tiie universities] of Ont.ario. ■ Titey note that the activity'in mathematical 
sciences %n the ifovince as superior in terms of breadth and quality to that 
in atiy other. prc/zince in Canada . ^ ' The^ go on to state "that in many of the 
fields and each of the areas at 'least on'e Ontario university is to be rated 
in the top' two or three in CanadaV' Although the level of mathemat;Lcal 
research in any Ontario university" >ioes not rank in the same class as that ^ 
in the sn^ali. numbe^ of b^est centres 'in the 4Jorld , kcdmputer scieflcfe at the 
University of Toronto is exceptional and rates in Y^^'^^^irs t half-dozen 
offerings in ^^orth An^rica. Also, the report notes "the presence of a num- 
ber of individuals with international reputajtions , 'some\of whom are among . 
the world -leaders in at least some special-- field . " 



on 
and 



the 



ACAP ifie'pleased to record -the f avourable'-<Dp:(.nion of the cona 
qual^^t/ of graduate studi^^s and research in mathematics in Ontario 
encd\h:ages the universities to pursue the goal of continued . improvement . ^ 
Toronto and Waterloo particularly, are* urged, to consider the conunents •and 
recommendations of the consultants concerning * th^ir potentials as major, 
centres for graduate studies and research in mathematics. It is noted that, 
although most Of the' fields o'f mathematics are said to be reasonably coir- 
pletely covered in one or other of the universities, there are ^eome fields 
in which further development' should be encouraged (see pages A-13 and A-79). 



ERIC 



1970-7 L f 
Enrolment 
Degrees Granted 



1971- 72 
Enrolment 
Degrees Granted 

1972- 73 * 
ETil^lment; 
Degrees' Granted 

1973- 74 
Enrolment 
Degrees Granted 

1974- 75 
Enr 

DegreeJ^jl^^^^^d 




1975-76 
Enrolment 
Degre^^ Granted 



FT 



Pure * ■ App l 
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. "\- ■ 
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PT 



144 

25 



140 



21 Hi^4 

4 1 11 



22 J .61 

9 ! 13' 



_142 
if 32 



13i 
19 



20 



15 
7- 



44 
14 



?6 

•'11 



• lOJ 17 I 32 



I J2 21' ' 36 

15 : 



10 



11 * 

r 

4 



12 

3 



11 
2 



FTA^ PT' 



tdtistic9» 



42 

'6 



30 



38 
5 



32 
6 



35 



39 



8 
4 



10 
1 



19 



17 



Coin'put^,^' Sc. 
FT PT 



68 



75 
4 



73 
6 



92 
5 



80* 



23 



J> 
■4 



10 
4 



16 
4 



15 
9 



15 



85 - 21 

20 ■ 



Includes >fcarleton. Monaster, Ottawa, Queen's, Toronto, Waterloo; Western and ^ 
Windsor universities. t 
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o,j,the enrol'ftient and graduation statistics .In^ Table I'tiXeari^ indicate 
[|^{e*ithef the times required tb obtain degreeM^f e*%e%ab4y 'longer thap 



snded b>^ the consultants on' pa^e§ arfd ArlS^c^ there are large 

ps of drop-outs in mathetaatics. Of course the numb'ers may reflect, ^ - 
£lfepoinl}^na tion of both factors buti. in any event there would appear to be a 
p^WbieiJt associated with excessive demands on the candidates^^oj: inadequate' 
' admi'ssionjfetandards. or poor control of the admissions progess. This aspect 
of doctorai|^ji^i§6 should 'be examined by the; disc iplifTe group as su^ested 
in'r€comm^rtd4tion CT. ' ' ^ ^ ' ^^^^^^^^ 

ACAP suppc^rts the views expressed' by the consultants on pages A-19 and A-74 
concerning the relationship betwQ.en the quality <ff- -graduate study in mathe- 
^matics an(j programme size. In summary it .is noted /'that most research stAJ- 
deuts should, work ^n centres where there are an appreciable number, five 
or more research students in their area, bjit that other, departments with 
the facilities to provide programmes of the necessary "quality should not 
be barred from doing- so" and that "it i§ not economically viable to mount 
a thorough programme of 'course work within an area without a good number 
of students." This important facet of graduate* "study in math§inatics is 
mentioned ^ page A-19 and discussed fully on pages A-74 and jA-75 (see algo 
recommendation C3 below) , * ' . - ' ' 



Following a' 4etailed consideration— of— emp-loyment op"i>ortunities , beginning on- 
page A-19 of their report, the consultants conclu4e that:, ^ 
a production ratq of 50 ^J^^s per year for On.tario would lead - - - 
to unemployment ' problems : a figure of 40 PhDs per year would be 
-^nore realistic for 1975-80 (page A-23) , 

and V' ' ^ ^ ' ^' 

jC^ limitations should be placed on the number o.f master's candi- 

'dates other than the supply and ihterest of suitably qualified 

students ( age A-25), 

A€AP accepts and supports these conclusions for the areas of pure mathematics, 
applied mathematics ^d statistics and the au^estion that for these three ^ 
areas the 30 PhD^ graduates per year should be roughly equally divided among 
the three areas, ^ ACAP recognizes that the job opportunities IpT' computer sci- 
ence justify a sofljewhat 'liigh^r output and proposes that the situation be 
reviewefit regularly by the discipline group.. The universities ar^ ask,ed to 
reexamine their admission plans in the light of the situatiqn revealed by the 
consult^ants, ' , , ' . - 

In applied mathem^atics and statistics, the suggested numbers are reasonably 
compatib^le with recent enrolment and graduation figures buf^ i< is rioted 6.hat 
recent enrolments are smaller than the sum»of the individual university enrol- 
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ment projections for.thfe next -f i4re 'years . In the^ca;^e of pure mathematics, 
a Similar comparison shows quj.te. significant discrepancies but it is noted 
thaf the more recent enrolment figures do show a trend towards a better .bal- 
ance. The field of computer^sr ience is suf f icJ.ently new and its applicability 
of such potential breadth that ACAP^.hesitates tb support^ any major cut-back 
in ^he present level of, activity in \hi's area<% At the same time, 'the uni- * 
versities concerned are advised .to monitor the employment situation very 
closely and to modify their -plans for development in thi-s field in an appro- 
priate way . ' • . , / 

It is also suggested that the proposed target numbers might be adjusted 
slightly^upward on .the basis-of foreign students supported by CIDA or other 
similar agenci^^s and committed to return to their homes on graduation." 
Another factor affecting target uumbex^ would be the extent Co which a (Change 
in the emphasis of the programme! might improve the PQSsibilities for non- - 
atademic employment. ACAP supports the consultants-jWh'en they urge' on pAge 
A-29 "that the emphasis of graduate instruct-^on and research 'be on increasing 
g _ uality and r e 1 an c e ; the quantity should remain constant or be allowed to . 
decrease. ^* * * . ^ 



« 



Recommendation CI 



\ 



* - -i 

t is recommended that the universities give careful consideration 
to the comme'ijE^s of the consultants and plan, their doctoral admis- 
sions to ensure for each 'of- the areas a reasonable balance between 
the number of graduates and the employment opportunities. 

It is also recommended * that the uni'versities plan for roughly 
stable full^«-time enrblments at the master's level but be pre- 
,pared to adjust |^heir sights in respons^e to any notable change 
in the employment market. 

It is strongly recommended that the universitsdes examine their 
enrolmeat /g^raduat ion data to determine -the 'underlying cause for 
the high ratio of enrolments to graduations and "work with the 
discipline group to establish what action, if any, -is needed (see 
also recommendation G3, page 11}", - • 



^ Part-time Study , ^ 

The consultants indicate on pages A-76 and A-77,. their general support for 
.part-time study at the master's level^noting, in particular,, the desirabij-ity 
of this approach in the l^ger population^ centres and for teachets and pthers . 
whose work has a substantial connection with mathematics-. ^ Statistics and 
aC^^iiter science^^^are seen as particularly 'appropriate^ for part-time ,9tudy. 



Recommendation C2 

^It 'is recommended that part-time study 'at the master.' s level be 
inade availalile when appropriaf e and practicable, * • 

Cooperation and the Jtole of the Discij)line Groap 



Aftaj: comparing the relatively independent universities of Ontario with s^e 
of the more centralized state systems in » the United States, the consultants 
comment on page-A-27 that "In the present climate, it seems that cooper- 
ation between universities in Ontario must be fostered." ^ 

», • ■ 

ACAP notes that the many cornments, suggestions and recommendations scattere^d 
vthroughout the consultants report , concerning the need for ^cooperation in- 
volve Lhree, different levels of interaction:'' 

■* ■■ \ ■ ' 

► i) collaboration of a general nafure with respect to feuch matters 
seminars, ^ library acquisitions, mobility of students across the 
^ •'^^^ system, etc*, ^/ " « " , - ' f 

ii) mote formal arrangements involving the participation of »staff at^^ . 
one institution ajs research supervisors or members--0^ graduate 
student advi|^jj^^ommittees^"a t otrher ins tittrtions , ' and 
. 'iii) cooperative or joint progifammes involving the direct part^icipation 
of two or.TOore universities. 

'{he dif f ictiities in t;he way of rapid evolution of extensive co-operation are 
significant ari^ as the'consul^ants point ^ut, the implementation of collap 
borative arrangements is mor:#likely to be effective through mutual agree- 
ment t;han by Imposition. They suggest a^ number of matters that could use- 
fully be undertaken by an interuniversity committee, possibly the discipline 
group. 



Re c ommen d a t i o n C 3 ^ - 

It is recommended ;:hat the Mathematical Sciences Discipline ^Group 
\ review the enrolment-employment situation annually and -make appro- 
priate recommendations to ACAP to adjus.t the* target objectives if 
• this is warranted. 

It is also recommended that the discipline group repjbrt to ACAP 

by May 31, 1977, on the seemingly high enrolment/graduation ratios; 

making specific recommendations if this seems appropriate • 

It is also recommended that the discipline group, in addition to ' 
its normal role, undertake a study of the many recommendations of 



f ^ . -\ -K. 

- 12 - . • 

the consultants in Chapter Ill'tliat deal with matters of collec- 
--tivfe^ concern. The gtoup s,hould rep6rt to ACAP before May 31. 
1977, on the desiralfility , ^e'asibility and, whete aijMroprrate 
the implementation of if he actions proposed in ijecomSidations 38, 
39^ 40, 44 an4 45 of '^the consultants' report. * 



Although the other recommetj^d^^diii of Chapter III tencT'to be mor^institu- 
. tional in c^arai^ter, ACAP recognizes the' merit* of some' wider discjission of 
,,^them and anticipates that 'the group may wish to^-,comment on some of/ihem, - In 
the same veiiL» attention is also drawn to opmi^nts in other parfVof the 
report such as those on the coverage of fields, especially in applied "mathe- 
matics (xeGommendation 12, page A-45) , on the time required to* achieve a • 
degree (pages A- 14 and A-lS) -^nd on the relati^Dnship between graduate study 
aad 'research (pages A--14 and A-^*78) . * ' . - ' ' 

• Recommendations proposing specific as^^as of cooperatioti ^betweetv specif4c 

institutions will be set out in tf^e next section. In /this connectf^f; ACAP . 
is particularly pleased to !iote the creation of tHe Joint Ottawa-Carlet^^n 
Committee for Gradua^te Studies which should help to promote continued 
improvement of the graduate offerings iti the Ottawa region. ^ 
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^ UNIVERSITY RECOMMENDATIONS 

This section contains a brief coinment 'on 'each of the four areas of mathe-r 
ma^cs followed by several general observations which the universities arfe. 
asked to bear in mind while considering their individual recotninendations. 
Thope portions of the i;e commendations calling for the cooperation of two or 
more universities have been- extracted and appear at the beginning of the 
list. , The order of presentation used by the co'ri^ltants* is retained, i.e. 
Toronto, Waterloo, Carleton, Ottawa, Queen ' s i5Jc>£"^rfr , Western, Windsor, 
Guelph^ Lakehead and York'. The recommendations have been assembled in a 
nia»ft«x to present, for each university , *ACAP' s advice on all fcj^r area? 
inciuaing reference bAck to the recommendations on" cooperation . 

It is important to consider ACAP's' recommendations in the context of the 
consultants' rep'ort. — — — ^- n 



Pure Mathematics ' 

* » ' 

The consul tants**are generally satisfied withrthe high standards that have^ 

been maintained in this areafbut they do express concern that "the graduate 
education of a doctoral student should not be -narrowly centred around the 
topic of thev dissertation. The mismatch betyeen nuinber.s ^qf graduates and 
employment opportunities is /grea^st in this- &rea and ACAP supports the 
views^^TThe consu-3rt^^s^hat_theJjj^^^iitgaitieg should reconsicfer their pro- 
jected enrolmenSi, that research activ:^ty^5]iouX^^^t^e~lres«^ dependent on the 
t^istence of graduate students and that graduate students should be advise^ 



mate 



to follow at ieast^pe applied topic to a reasonably advanced level, 



App 34- e d Ma th em^ t i c s ^ 

The extremely broad coverage az;id rapidly changing boundaries of applied 
mathematics make a precise definition of the field difficult. Also, as , * 
suggested by tVie consultants, some kinds of applicatipn have a relatively 
short span of activity *and excitement And "an appreciable proportion of W 
applied rfathematiCB faculty must be prepared 'to chang^ their main 'fields 
of interest", possibly .several tin^ps. C^tinuous reappraisal" of topics of 
interest is required." Their concern "that ^he^full implications of a 
broadening of the role^ of applied mathematics have yet to be implemented, 
'in Ontario' or elsewhere" prompted ACAP-wio r,efe^r their recoiamen^ation 12. 
(page A-45) to the discipline group for • consideration . f * 



Statistics 



This area divides generally into applied ^probability arid statistics. The 
consultants note, with some exceptions, a surprising proyince-wide weakness 
in the former but cJffer n^ general recommendations on the matter. They ^ ^- 
"be^ieve that t\ie effective demand for statistician wi?th a graduate tjuali- 
fic^tion will persist and probably increase, provided the statistical train- 
ing achieves a satisfactory balance between ♦heory and application." ACAP 
reflects their concern ^bout th,e range -of , quality and re^arch activity of 
the faculty and of the numbecs and qualities of the graduate student bodies, 
and emphasizes tlie need for each university to give very serious consider- 
ation to the consultants comments on organizational pr.oliletos in this area 
(page A-53) . • ^ \ 

/ ^ ' " Computer Science 

- ' , y 

It tt pointed out that while Toronto and Waterloo offer^fairlx complete 
coverage of all areas at both' master's and doctoral levels, otlier programmes 
in* the province are more* specialized and tend towards computer applications, 
systems engineering and' hardware. The danger of isolation of , computer sci- 
ence from the other mathematical sciences is noted and the need to strengthe 
the ties between this field and the relevant areas of pure mathematics 
(ejspecially , algebra) , applied mathematics, numerical analysis and statistics 

emphasized. ACAP reiterates the consul taTnt's ' recommendation (page A-63) 
''that attention be -iconcentrated on staying in the 'forefront of current com- 
puting research and developmwt, rather than on growth or on the duplication 
of ex-is ting ^ragrammes . *' 



An Important Not^ 



ACAP wishes to emphasiz'e^at this j5oint that ajl of its recommendations pro- 
'I^osing continuation or introduction of proglr'^^es according to the univer- 
sities' plans should be interpreted" in the light of the very st;rong reser- 
vations expressed by the consultants about etirolment projections and 'Smploy- 

^ ment opportunities. *This will be of particul'^4^ concern t'o those in pure ^ 
mathematics but the discipline group would^^do well to k^ep a careful watch 

^on enrolments and projections tor all ai^as. 



m Cooperation 

Recommendations for cooperartion are presented -f irst , followed by individual 
university recommendations. -Although no specific recoT^endati^n has been 
included here, ACAP, wishes to draw attention to the last section of recom- 
mendation 30 in which the consultants call^ftip 'inctVased atftention (by the 
computer science group at Toronto*) to coope^atiorT with the staff of other 
Ontarip universities. . , 



Recoimnendation C4 • 

It is recoimnended tha^; the - University of Toronto" and York University 
report to ACAP by December 31; 1977, on prbgres? in connection with: 

i) the involvement of York faculty in *the supervision of research 
students at The University of Toronto (see recommendation 11, 
' ; * page A-42) , ^ ' ' ^' a ' 

ii) the development of a regular' statisti»l seminar Involving .the 
collaboration of bo,th grCJups (see recommendations 20 and 29, 
pages A-55 and A-62) , and 
iii) the proposed programme in computer 'science at York, if it is to 
involve collabc^ration with the University of Joronto .(see recotn^ 
mendations 30 and 37, pages *A- 64"' aiid A-71>. 



Recommendation C5 " * ' ' 
, ^ ^ . ^ 

It is recommended that Carleton Unive^sitj^ nd i^ Universi^iy of 
Ottawa report to ACAP through the .Joint Ottawa-Carleton Committee 
for Graduate Studies by December 31, 1977, on progress towards: 

\) a cooperative. programme in the field of information and sys- 
tems science (see recommendatipns 15 and 16, pages A-47 and 
A-48) , ' ' • ' 

ii) increased collaboration among the statisticians of the two • 
universities (seeyrecopimendations 22 and 23, pages A-57 and 
A-58), and - ^ . 

iii) the development of a compreheTisive joint programme of academic, 
*^ work in computer science for the Ottawa area (see recommen- 
* - da;4:ions 32 and 33, pages A-66 and A-67). 



Recommendation Ch 



{ 




It is recommended that Gtielph, McMaster and WaJt>etloo universitl 
^nd the University of Western Ontario discuss th^ ^possibility of 
collaboration in the variety of ways ^^indicated by the consultants 
and report to ACAP by December 3l,^/l977, tsee' recommendations 21 and 
28, pages A-56 and A-61 as well as comments in Chapter Itl) • 

' ' ' ■ ' ^ . 

* . ' " • ' University of Toronto ' * \ 

The Uriivirslty of Toronto offers doctoral work > in all- four areas of the 
mathen^tical sciences, its computer science programme ^being among the best 
half dozen in North Anj^rica. The advisors consid^recj^the 'Toronto graduate 
students in ^pure mathematics, to be the. best tfh«y i?iet. This is reflected 
'in the consultants' suggestion that Toronto produce half of* the suggested 
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total annual number of PhDs in this area. They suggest that a greater 
degree of interaction between all of the areas of mathematics would be 
desirable end emphasize in this connection, the need for more adequate 
housing to bring all of the faculty together* They also suggest an internal 
review to examine several specific aspects of pure mathematics ^d its 
interaction wit'h the other areas. In commenting on^the De Lury report on 
'applied statistics, thej^' recommend that the future of applied statistics 
should be considered in the context of ^ statistics as a.whole to achieve a 
greater merging of theory and ^plication* , 

ACAP is confident that the university will give due consideration to the 
general recommendations of the consultants and of the De Lury report. 

ReccHnmendation ^Cf ^ , * { . ' ^ 

It is recommended that the University of Toronto continue its ^ 
_^graduate programmes in all four areas of the mathematical sci- 
ences (see recommendations 2, 13, 20 and 30 of the consultants' ^ _y 
repoift). 

See also recommendation C4, page 15. 
« 

Un^ersit^r of Waterloo 

The University of Waterloo has a Faculty of Mathem|tics, consisting of five 
departments including a Depart^entr^^oT'Combinatorics and Opt4^mization* D(3c- 
toral prograpimes 3^e offered in all fotir ACAP areas. The consultaitts note 
that there are some faculty members who have established, internat ional repu- 
tations and the combinatorics and optimization component of the staff is 
one o^f the strongest of its kind in the w(prld. The Computer science pro- 
gramme was judged to be "one ofci^the -t rest d'&^en or so in North America." In 
the statistics area, concern was expressed »bou^ some weakness ^ih probability 
which appears to be. a province-wide problem. Intrauniversity consulting in 
statistics should be strengthened as well as interuniversity coHaboratiot\ 
with Guelph, McMaster and Western. ACAP recommends -that ;?kterloo 'take .no.te* 
of the consultants* comments on pages A-47 aitd A-65 concerning admission 
standards. ' v ^ 

Recommendation €8 ^ * • * 

' It is recommen^ied that the University of Waterloo continue ^ts , 
graduate programmes in all four areas of the mathematical sci- 
ences (see recommendations 3,' 14, 21 and 31 of the consultants* 
re^^ort) . , • ' . ^ . - ^ . | 

• See also reconpiendation C6, page 15. 



t 1 I / 

^ Carleton University ' / , 

CarletQn University offers the PhD. In all four areas of the mathematical 
sciences; computer science being offered jointly by the. Department of Math- » 
ematlcs and the ^Department 6t Systems^^^Er^gineering. the area of pur-e math- 

ematics the consult^ts were Impressed by the steady stream" of distinguished 
Visitors at Carleton and by the ' algebra ^days'. They also found the'quallty 
Of the doctoral theses to be "high if not outstanding Work in the applied 
area centres around information and systei^§ engineering and ishould be en^ 
couraged and strengthened. At the .doctoral level, tliere-^is a need, to define 
more clearly, the fields 'of fered for dissertation in. the prpjgifainiH^. Concern 
was expressed about the unevenness (iff the faculty in. statistics and^'also - 
about the weak statistical content of the master's progrannne in Information 
and systems science. Collaboration with the University of Ottawa was rec- 
commended in all '^reas except pure mathem^y:s but particularly in cbmputer 
science where it was^ anticipated Hhat a joint, wide-ranging, high quality 
programme could be developed. • S 



Recommendation C9 ^ - 

It is recommended that Carleton University: " * 

z 

1) continue its doctoral programmes in pure and applied , ma the- 
^ ♦ matics and statistics with more precise definition oi the ^ 
fields offered in the applied area, ^ 
^ 11) implement its inferdepartm'ental progrteimnie in inf orma^tion anil 
systems science, after consultation v3Lth the University of 
Ottawa as called "for" in recommendation C5, and giving full 
consideration to the consultants' view 6rf the ro-le 6f statis- 
tics and prob«bllity^. in this field, 

(See re6ommendatlons 4, *15, 22 and 32 of the consultants' report.) 

See also recommendation C5, page 15. u 



University of Ottawa 



7 



*The University of Ottawa offers a P^Kd in the areas of mathematics but has no 
gradua^te progratame kt present? in cojj^ter science. Although the master's 
L theses in pure, mathematics were :iudged to be of 'acceptable quality,, th^ number 
, of doctoral graduates and* the guality of those theses examined led the con- 
ivsultants to suggest appra^.sal. supports the suggeAlon that the doctoral 

programme should be appraised and thatr* the proposed M^i^T) programme should be 
developed. The doctoral prograTntoe in applied mathematics has not attracted 
Canadian students ai;id\has produced, only two graduates- in the last five years. 
The university's intention to expand, the - programme into, mathematical physics 
is (Considered fet>. be ill-advisetl^'ari<i'"t'he "lepartmeat is urged instead, to deva^pp 
a graduate* programme in matheijatlc^l economics, tailored to the needs of the 
Ottawa area. statistics group is new and has no^^ yet attracted students 
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into the graduate progiiairanes. ACAP supports the^ recommendatio^n for appraisa^^* 
The' existing activity in computer sciencevis handle?! either in the inter- , 
disciplinary progrannne in general systems ^d information science or in the 
electrical engineering^programme. ACAP feels that any further development 
in this area should take the form of a cooperative pro^gramme with Carleton^ ^ 
rather- than the independent development of an Ottawa proposal. 



Recommendation CIQ r . , J 

It is recommended that the University of Ottawa? 

i) continue its master's programme iu pure mathematics, develop 
and submit 'for appraisal its proposed MA(T) programme and sub- 
' mit its doctoral programme in pure mathematics for appraisal, ^ 
ceasing to enrol, new students after December 31, 1977 , until 
a favourable appraisal has been obtained, 
ii) continue its master * s prograrpie in-applied mathematics, develop 
an interdepartmental programme in trfathematical economics and^ 
submit its doctoral programme in applied mathematics for appraisaiU 
ceasing to enrol new students after December 31, 1977 , until a 
favourable appraisal has been obtained, , , * ^ 

iiL) submit its interdisciplinary jiaster's programme in general^ ^ ^ , 

systems and information sciences for ^appraisal ceasing to 
^ " enrol students a'fter December 31,^197.7, until a favourable 
appraisal has been obtained, 
iv) submit its master's and doctoral programmes in statistics for 
appraisal, ceasing to ^nrol new students ^ after December 31, 
1977 , until a favourable appraisal has bieen^obtained , 
v) defer further development of its proposed master ' s programme 
in computer science pending the results of the discussion 
called for in recommendation C5. 
(See recommendations 5, 16, 23 and 33* of the consultants' report.) . 
« See also recommendation C5, page 15.' 

Queen's University , , , , 

Queen's University offers doctoral studies in the three areas of mathematics 
and a master '.s programme in computer science. The consultants commend, the ^ 
-quality and breadth of the' offerings in pure mathematics as well as t^ 
contributions of the visitors and summer programmes to the graduate acti- 
vity. The interdepartmental programme in Control theory is of high quality ' 
and provides, along with the work in quantum theory, the major focus in 
applied mathematics. Broadening into non-academic areas and closer codrdin- 
atibn with computer science are indicated. The services and opportunities 
provided by-STATLAB are praised. There ar^i^ggestions -f or increasect^uton- 
OTiy for the statistics gro.up^d for a reconsideration of the requirements 



- 
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for the PhD in this area. ACAP urges* the university to- cons^r the, sug- 
gestions made in these aj|eas . • In noting th^ uneven qualit^^f master's 
-theses in computer scieMp and a less than impressive research out^Jut by 
the faculty, the consultants r-ecommend postponement of the proposed PhD ^ - 

programme until' the MSc progtamme has been strengthened and^ additional 
staff appointments have been made* It is also emphasized that there is 
really no need Sor a third PhD programme in the province at this time. 

Reconunendation Cll * , 

It is» recommended that Queen's University continue its doctoral 
programmes in pure and ^plied mathematics an^ statistics and 
continue to strengthen its master*s programing in computer scienJe. 
'ACAP endorses the consultants'^ view that th^ proposal for a PhD 
programme in computer science be deferred (see recommendations 
6, 17., 24 and 34 the consultants' report). 

' HcMaster University 

McMaster University offers doctoral studies in pure mathematics including 
probabilit^theory and »master 's programmes in statistics and computer science. 
Although the quality and reputation of the faculty in several fields of pure 
mathematics were recognized, the quality pf both master's and doctoral theses 
was seen to be 'acceptable but not outstanding* The desirability of giving 
attention to some aspects of applied mathematics in the ^prffgxaTjmle was npteji. * 
Concern was expressed abput the fragmentation of graduate work in statistics ' - 
and the 4irgent n^ed to unify graduate teaching^ aiid research ^in this area. The 
heterogeneity of faculty .qualiry and the'n'arrow scope of the MSc t;heses in^ " - ' ' 

statistics were mentioned although 'the existence^ of impressive .sttength in 
another department was also noted* ACAP is pleased to note that the univer- 
sity is undertaking a reorganization of its graduate work in statistics and 
supports the consultants' recommendation for appraisal. Finally, the inter- \ 
disclplin-ary ^iSc progranae in com[5ut'er science appears to be attractive and 
is supporteci by related research strength in chemical and electrical engineer- ' 
ing,^but does not appear to have the desirable strength in theoretical com- 
puter science. ' • - 

' • 

Recommendation C12 # , ^ . . ^ ' ' 

It is recommended that McMaster Universjity; ^ ^ ^ K^. • 

/ 

i) continue its graduate* programmes in pure m^theanatics, 
ii) complete, the reorganization of its graduate work in statistics 

and submit the revised programme for appraisal, ceasing to ^ "h. 
enrol new students after Decemba|^ 31, 1977, until a favourable' ; 
appraisal has been obtained, ^ 



3^' . 



■ . ■ ' - 20 - _ 

« 

iii) -^treogthen itrs faculty with respect to tare subjects in com- 
puter science and continue its masfer's programme, 
(See recommendations 7, 25 and 35 of tHe consultants' report,) 
See -also recommendation; C6/ *p^ge 15. ^ ^ ^ 

' ' ' . 

, University of Western Ontario 

The University of Western Ontario 'of'fers the PhD in the three areas of mathe- 
matics and a master's degree in c-omputer science. The undergraduate honours 
programme at Western is of high quality and the students are well prepared - 
for -master's work. The consultants expressed some concern over the narrow- 
ness of the PhD programme in pure mathematics, the main research strength 
is in summability theory and there is also some strength, in algebra. The 
consultants feel that the addition of several strong research mathematicians 
is vital to»*the maintenance of a stxong doctoral programme* They a^so 
suggest a closer liaison with the applied mathematicians, several of whom 
^enjoy international reputations. The latter ai^ea is well* covered at the 
master's level but the departments is unlikely to achieve its full potential 
until a number of .organizational problems involving" mathematics , mathematical 
physics and theoretical phy&rcs are resolved. ACAP joins the consultants in^ 
hoping that the internal reviews now under way will produce ^some positive 
recommendations for applied mathematics at Western, The consultants comment 
-on sources of strength in statistics but also note certain weaknesses in 
relation to course offerings and theses. ACAP is pleased to learn that the * 
" tin i vers ity is prpceeding with the unifj.cation of the organizational arrange- 
ments tor statistics and supports the consultants' recommendation for appraisal. 
The master's programme in computer science has been very succ^ssfi^ birt the' 
consultants believe that raising admission Standards would be more beneficial 
than increasing enrolment. They ^also indicate that the overall research 
record\f 'the department is not strong enough to just if y^-trtiBsProposed doctoral 
programme and suggest that the- occasional PhD student might p>ocee#under a 
cooperative arrangement with Waterloo and Toronto. 



Reconanendation CI 3 

It is recommended that the i)toiversity of Western Onta^^: 




i) continue its%master's pr^ramme in pure mathematics and submit 
its doctoral progr^mie fbr appraisal, ceasing to enrol new stu- 
dents after Deceml^^li; 1977, until a favourable appraisal ha^ 
b^en obtained, ^ 

ii) continue its ^graduate programmes in applied mathematics, 
iii) submit for appraisal its graduate programmes in statistics, 
ceasing to etirol new. students after December 31, 1977^, until 
a favour§ble appraisal has been obtained, 

iv) conti*nue its master's programme in computer science but defer 
impiemehtatlon of "its propqsed PhD programme as suggested by 
the consultants. 
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(See recommendations 8, 18, 26 and 36 of the consultants' report,) 
See also recommeodation C6, page 15, * — . • " 

^ University of WlTidsor 

The University of Windsor offers dactoral studies irr the threer areas of 
mathematics but has no graduate work in computer science. Thtf consultant's 
•expressed concern about the viability of 'the PhD programme in^^re mach?^- ; 
matics. The faculty is young and tenured and a vacancy for a necessary - 
senior mathematician ^seems unlikely. The enrolment is low; only three 
doctorates have been graduated since_ the programme began. Again, doubts 
were raised as to the number of vdll^qualif ied Canadian students that will 
be attracted to the prog/atnme. in applied mathematics, doctoral work ceiltresr 
around the mechanics of solids and fluids and applied analysis. There is 
good cooperation between the mathematicians and the engineering departments, 
the doctoral theses are of current interest and good quality. The graduate 
programmes in statistics are of satisfactory quality but the consultants 
point out th^ need for^^t least two strong research-oriented appointments to 
the faculty. Cooperation between statisticians tnd other faculty members 
throughout the university is commended. ACAP wishes tro' draw to univer-* 
eity's attention the possibilities of , coopera tion with other universities. 

Recommendation C14 




It is recommended that the University of Windsor: 

i) continue its "master ' s programme in pure mathematics and submit 
its doctoral programme far appraisal, ceasing to enrol new 
students after December 31, 1977, until a favourable appraisal 
has been obtained, . 
ii) continue its graduate programmes in applied mathematics, 
iii) strengthen its staff in probabil:^ty and statistics by the 

addition of two fftrong, research-oriented members or submit 
.its doctoral prograiitae in statistics for appraisal, ceasing to 
- enrol -Rew student^ after December 31, 1977, until a favourable i 
app,rji^al has been obtained » 
(See rec^endations 9, 19 and 27 of ^ihe coijsultants' report.) 

# 

^ \ XJniversity of Guelph ' 

» 

^ Guelph offers a' master's programme in pure mathematics, applied mathematics 

and statistics. At present, there are no students in the pure mathematics 
programme; the applied mathematics programme has enrolled one part-time 
student. The consultants made no recommendations concerning either of these ■ 
programmes but suggested that Guelph might offer a single set of courses at 



the master_^s leyel emphasizing statistics. '^ They suggest that the current 
programme in statistics should be "continued ^ fostered and better advertised 
in view of ^the healthy atmosphere generated by the applied refee^rch 'carried 
out at the University." *The master ' s l^heses irom this prograteme are of' higfe . 
quality. The Wnsultants suggest that doctoral students from Waterloo might 
be encouraged work with Gu^l'ph faculty on agricultural and biological 
pi^oblems. .In tfte computer sc^ience area Guelpb has withdrawn its plans for 
a ftiaster'^ progrannne* Again, it is suggested that Guelph arrange to ^ave 
its faculty tecome involved with programmes at other universities.' 

Recommendation C15 

^ It is recommended that the University of Guelph continue its 
- -Tnaster's programme in statistics and consider the consultants' 

comments and suggestions concerning its work in pure and applied 
mathematics, reporting to ACAP on the results of its deliberations 
not l^ter than May 31, 1977. If the decision of the university 
Is to retain separate master * s'programmes in pure and applied 
mathematics, they should be submitted^by September 30, 1977, for . 
review by the Appraisals Committee (see recommendation 28 and 
pages A-39, A-50 and A-61*of the consaltants* report^. 
See also recommendation C6, page 15. 

Lakehead Univer sit;y 

Lakehead offers a master's programme irf pute mathematics and has a'^roposal 
for an interdisciplinary^ master' s programme in applied computer science. 
The graduate programme in pure mathematics is ^founded on a firmly established, 
well balanced undergraduate programme and is actively supported by all faculty 
members. The theses compare favourably with those produced at the other uni- 
versities but the consultants note a failure to attract Canadian students. 
They suggest tha t th e progr an^TTi P be expanded to include all fields of pure 
mathematics. No recommendation was made about the computer science proposal 
as it is only at a preliminary stage. However, the university was advised 
to consider thi^ need to attract suffi-cient Canadian^ students and to allow the 
faculty enoligh ^ime to become active in research before implementing the 
programme. * • 

ACAP does not accept the university's comment "We believe that, while the 
ACAP advis.ers were careful to restrict their comment to» the area of pure 
mathematics, we are justified in reading into these comments approval of our 
'entire program, and plan to proceed on this basis." ^art from the field, of 
applied analysis, the areas of applied mathematics and statistics do not show 
adequate staffing to mo^unt an unrestricted programme. 
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Recomi^ndation C16 . \ " ^ 

It is recommended that Lakehead University: I 

i) continue its master's pjrogramme in pure mathematics and applied 
analysis and consider the consultants' suggestion to submit for 
appraisal a ma&ter's programme in pure mathematics, unrestricted ^ 
in scope and offering the degree by course work or thesis, 
• ii) defer until 1979-80 its proposal for a programtne in applied ^ 
*M , computer science in the* light of the consultants' commeats 

conderning the need for additional staff and the develapment 
of an adequate level of research activity, 
(See recommendation 10 and page At70 of the consultants' report.) 

V ' • ' \ 

' York University 

York University -offers an unspecialized MA in mathematics and plans to develop 
a master' s ^prograimne In computer science, ^Special strength exists in combina- 
torial group theory (best in the .province) classical analysis and probability, 
bof^there is'weakness in other areas, particularly in statistics. Faculty 
resources are not used t(% the best advantage ^nd the existing programme 'suf- 
fers from small enrolments, ACAP is convinced that cooperation with other 
nearby institutions," notably Toronto, is essential if the full potential of 
York's f arculty .is to be realized without major additions to the staff. Perhaps 

embers could serve as thesis advisors to doctoral students at Toropto and 
Waterloo, - It^ is toted particularly, that the streng-th in statistics at 
Toronto and York are complementary and cooperation in this area would be 
beneficial to both programmes. The consultants suggest that York shoulji 
develop its wqrk in probability for part-time studies and should consider a 
specialized MSc in applied probability. *If the proposal for^a prograimn^ in 
computer science is developed, two new appointments 8hC|}ld be made and the 
details of c^t^erative arrangements with other ^universit^ies should be spelled 
out, ' 

\ ' ■ 

ReconHnenAation CI 7 ^ " ^ ^ . 

It is recommended' that York University: ^ 

cont/nue its. unspecialized master's programme dn njaThematicsV ♦ 
consider the consultants' recommendations concerning part-time 
studies and/or a specialized MSc programme in applied proba=- 
bility, 

iii) g^ive serious attention to the recommendations of the consul- 
tants concerning its proposal' for a master's programme in com- 
' puter science, ^ ^ 

(See recommendations 11, 29 and 37 of the consultants' report.) 
'See Also recommendation C4, page 15, • 
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ii) 
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LIST OF RECOMMENDATIONS 



Recommendatloi^ CI 



It is ,reco!nnepded that the ilniversities give careful con^idera^it)n to the 
'comments of the consultants and plan their doctoral admissions ptb ensure for 
each of the areas, a reasonable balance between the, number of giJ^^^^tes and 
the employment opportunities . ', 'in 

It is also recommended that the universities plan for roughly stable full- 
tjiie -enrolments, at the master's level but be prepared to adjust their sigl:it8 
in response- to any notabler change in the employment market. ^ 

It is strongly recommended that the universities examine their enrolment/ 
graduation data to determine the underlying' cause for the high ratio of 
enrolments to graduations ' and work with the discipline group to i<Jptablish 
what action, if any, is needed (see also* recommendation C3, page 11). 



^commendation C2 



\ 



It is recommende/ that part-time study at the master's level be made avail- 
able when appropriate and practicable.' 



Recommendation C3 * ^ ^ 

' ' ^ ^ ^ ^ • 

It is recommended that the Mathematical Sciences IXiscipline Group review 
the enrolment-employment situation annually and malce appropriate recommen- 
dations to ACAP to adjust the target ^objectives if this is warranted. 

t 

It i^^also recommended that the discipl4.ne group report to ACAP by May 31, 
1977, on tHe seemingly high enrolment/graduation ratios, making specific 
recommendations if this seems appropriate. 

It is'also recommended that the disc:b)line group, in addition to its normal 
't'ole,'* undertake a study of the many recommendations of the consultants in 
Chapter UI that- deal with matters^of collective concern. The group should 
report *to ACAP before May 31, 1977, on the desirability, feasibility and, 
where appropriate, the implementation o^f the actions proposed it^^recommen- 
dations 38, 39 > 40, 44 ^ind 45 of the consultants' report. ^ 



Recommendation C4 t * ♦ x 

— i ■ — \ 

It ig recommended that the University of To>roato and York Univ^sity report 
to ACAP by December 31, 1977, on progress in connection with: 

' i) the involvement of York faculty in the supervision of research 
stude-nts at the University of Toronto (see recommendation 11, 
page A-42) , , 
ii) the development ' of a regular ' statistical seratnar involving the 
collaboration of both groups (see recommendations ^20 and 29, 
pages A-55 and A-62), andP 
iii) the proposed programme in comfluter .science at York, if it is to 
^ . involve collaboration with the University of Totonto (see recom-- 
/ m^ndations 30 and 37, pages A-64 and A-71) . 



Recommendation C5 



It is^ recommended that Carleton University and the Vniversity of Ottawa 
report to ACAP through the Joint Ottawa-Carleton Committee for Gradua^tje-<^ 
Studies by December 31, 1977, on progress towards: 

i) a cooperative programme in the field of information and systems 
science (see recommendations 15 and 16, p&ges^A-47 and,A-A8), 
ii) increased collaboration among the statisticians of the ^t^o 

universities (see recommendations 22 and 23, pages A-57 and A-58) , 
and . \ 

iii) the development of a comprehensive joint programme oS. academic 

work in computer science fpr the Ottawa area {seo, recommendations 
32 andj 33, pages A-66 and A-67) , 

h 

y 



Recommendation C6 



It is recommended that; Guelph, 'McMaster and Waterloo finiversitdes and the 
University of Western Ontario discuss the possibility of coLlaboratton , in* 
the variety of wey*s indicated by the consul-tiHts and ^'epdrt to ACAP by 
December 31, 1977, '(see recommendations 21 and 28, pages A^56 Aid A-61 as 
'well as comments in Chapter III)-. • i • ^ ^ 
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Recommendation 07 



it is tecoimnendedN^iat the Univei^ity of Toronto^ continue its gra^aie pro- 
grammes in air^four 3K;eas of the' mathematical sciences (see recommendations 
2, 13, 20 and 30 , of ■ the' consultants * report). ^ ^ 

See also recommendation C4, page 15. * ^ ' a 



RecommendaXion C8 
-er^ 



It is .recomnended that the University of Waterloo continue its graduate pro: 
grammes in )ail f^>ur areas of the mathematical •'^sciences (se^ recommendations 
3, 14, -21 and 31 of the consyltants' report).- 
See also, recommendation C6, pa^e 15. - ' . 



Recommendation C9, - " . - * 

It is recommended that Carleton University ; \ 

i) ' continue it.s doctoral programnfes in pure and applied mathematics and 
st^ti*stics wrHTISbkr^e precise def^^tlTtisKi of the fields offered ^n the 
applied area, ^-^s ^ ^ .^—'^ \ * ^ 

ii) implement its interdepartmental piro'gramii^ in information and system's 
^ sciance, ^ter consultation wit4i the University of Ottawa 'called 
, ^or In recommendation\ C5 , and giving fulT- con^ider'ation' to the 

consultants^*' view .on 'the rol^ of statistics and probabilitf in this 
' ^; field.. * ^ • , 7 , C y ^ / ■ " 

(-See 'r^comm1ln4atipn3 4,. 15, 22 and 52 of thy cop(suita«its * iJi^oo: t J ^ 
•See also recc51nmendation X5, ^age 15. - / * i 

■ -.^ ' . , ' 

Hecommendat^ion CIO > 



Jt 3^ retommended *that Ae University of Ottawa ; 

'i) continue its. master's programme in pwre ift^hemcatics , develop ^and 
# N^submjLt for appraisal its pro'posed MA(T) pijrogramme and -submit its 

_ doctoi;al programme in pure mathematics for appraisal, ceasing to 
* ' enrol new students^ after December 31, 197^ until a favourable 
app^isal has been obtained*, ^ ^ .\ 
^ ii) .continue J^ts master's programitfe in applied ^n«,tihei^tics,) develop 

. "an interdepartmental programme 'in"mathematic^b~«e^iHUn>cs submit 
^ , " • its doctoral programme in applied mathematics for Appraisal-; ceasLng* 
^ ^ .enrel new students after- December 3l, 1977, until a favourably 
appraisal has been obtained, . , ' • 



iii) submit its interdisciplinary mastet's programme in general systeins 
and ' infprtDLdtion sciences for appraisal, cea^ng to enrol students 
-after December 31, 197.7, until a f avourat)le%ppraisal, haq been 
obtained,- * ' ^ ' ^ ^ 

iv) submit. -its master's and doctoral progra^mmes in statistics , for 

appr^sal, ceasing to -enrol new students after December 31, 1977, 
^ until a favou'rabl^ appraisal has been obtained, 

V,) defer further development qf n.ts proposed- master ' s programme in ^ 
jmputer science pending the results of the discussion called for 
recommendation C5\ ' 
(See recommendations 5j 16, 23 an?t>J3' of the consultants' report.) • 
See also recommendatipn C5 , pa^ge 15. * 



K * 

.Hfcommendation Cll 



( 



?it^ contj 



It is recommended t^at Queen^s Univfersit^ continue its doctoral programmes 
in pure and applied mathematics and statistics and continde to strengthen 
its 'master ' s t^^ogramme "in computer science. AQAF endorses the ^consultants ' 
view that the proposal for k PhD programme in computer science be^ deferred 
(^ee recommendatfbns 6, 17, 24 and 34 of the consultants' report). 

» * * 

Recommendation \)12 



It is recommended tha. t McMaster University : 




jinu^e its graduate programmes in pure mathematics, 
cIMfpTete the "reorganization of its graduate* work ih statistics 
and submit the revised'' prograimne for appraisal , 'ceasing to enrol 
new studerirsi af ter'beaember 31, 197,7, until a favourable appraisal 
* ^ ^ , \\as b^^en' obtained \ ' 

iii) strengthen it;s faculty vith respect to core subjects in computer 
^'science and cbrj^tl-ilue its" master's programme. . , r , 

(See recommerrd^tii^^lis' 7,' 25 and 35 of the consultants' report.) • , 
Sefe ^Isb recommendation C6, page 15. ^ « . , • * 

Recomm&ndatlon C13 . ' « ' ' . ' . 

It is recoiMRended that the University of Western Ontario: ' 

' i) continue , its raaster''^s* programme in/puiie Tjfiathematics and-si^mit its 
• doctdral programme fo^ appraisal ,^ ceasing td enrol new stuQ^ents - 
after December 31, 497^Vu|iiM.l. a favourable appraisal "has been 
obtained, " ' ^ * ^ 



ii) continue its graduate programmes in applied mat'hematics , 
ill) sulifeilt for appraisal its graduate^ programmes in statistics, 
' 'cea^sing 'to enrol new students after December 31, 1977, until 
• a favourable appraisal has been obtained, 
iv) continue its master *s programme in computer science but defer 
implemenjiatidn of its proposed PhD programifte a^ suggested by 
the consultants. * * »/ ' ' ^ ' ' 

(See recommendations ^8, 18, 26 and 36 of the consultants' rep6rt.) 
See also recommendation Gj6, page 15. ♦ * 

> 

Recommendation C14 a 4 



It is recommended that -the University of Windsor: 

~" ~ * ^'^ > • 

* i) continue its mastejr^'s proga?«inine in pure mathematffcs and submit 
• its doctoMl progMJima-^for appraisal, ceasing to enrol new 
students after December 31, 1977, until a favourable appraisal 
has'^e en obtained, 
ii) continue its graduate programmes in applied mathematics,, 
iii) strengthen its st^ff in probabilityand statistics by the ' 

addition of two strSng, research-oriented members or submit its 
' doc tiDrai- programme in 'statistics for appraisal, ceasing to enrol 
new students^ after December 31, 1977, tintril a favourable appraisal* 
*has be,en obtained. • . ' ^ 

(See recommendations 9, 19 and „27 of the coqsultant^s ' report.) 



'Recommendation C13 ^ / 

' - ^ ' ] ^ 

It isr recommended thSt the^. University of Guelph continue its master 'a^* 

programme in" statistics and 'consider^ the 'Consult;,ants ' comments and 
suggestions- concerning its work in pure and applied^aiathema^ics, reporting 
to ACAP on the results of its deliberations not la^r than May 31, 1977. 
If tlie decision of the university is to* retain separate master's programmed 
it) pure and applied mathematics, they should sbe submitted, by September 30, 
\1977, for review by t^e Appraisals Committee .(see^ recommendation 28 and 
pages A-39,. A-50 and A-61 of the consultants ' ^ report) # 
S§e also recommifidat^on C6, page 15. ♦ . 



imifidatron C6, page 



Recommendation Cl-6 



It i^' recommended that Lakehead Universiti?y : , * 

_ i) continue its master's programme *in pureNtiathemat^lcs afid applied 
analysis and consider the consultants' suggestion to submit for 
appraisal a master's programme in pare mathematics, unrestricted 
in fecope and offering the degree bv course work or thesis, 
ii) defer until 1979-80 its proposal for a programme in applied 

computer scierxjpe in the light of the consultants' comments con- 
cerning the need for additional staff and the development • of an 
adequate level of research activity. , . . * 

(See recommendation 10 and page of. the consultants' report.) 



Recommendatifin C17 



It is recommended that York University* : , , ' ^ 

i) continue its upspecialized pastier *s programme in mathematics, 
ii) consider the consultants' rlicoq?mendations Concerning part-ti^e 

studies and/or a specialized MSc programme in applied prdbabili^ty 
iii) ' give serigus <^ttention to th^ recommendations of the conSul-tant^* 
concerning its proposal for a master's programme in computer 
scienfce . - , ; . *- ^ . 

(See recommendations 11, 29 and 37 of the consultants' report.) ^ 
See also recommeodation C4 , page 15 ^ ^ - \ - 
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COMMENTS OF OCGS TO COU ON THE 
ACAP REPORT ON THE MATHEMATICAL SCIENCES. 



ACAP and the consultants ate to be congra&lated on producing a report that 
is both clear and generally agreeable to the widely varying disciplines* 



ir an 

covered under the umbrella .of the mathematical, sciences. 

OCGS concurs with the recommendations as set fqrth and would make the • 
following comments. 

• - * 

Recommenda^on C3 which states * 

It is recommended that the Mathematical Sciences Discipline Group * 
• • ^ r«vie^-the-enrolment-'employment situation, annually ^nd make appro- * 
. priate recommendations to ACaP to adjust the target objectives if 
this irs warranted. 

It is also recommended that the discipline group report to ACAP 

by May 31, 1977,, on the seemingly high enrolment/graduation ratios, " ' ^ ^ 
making specific recoiranend^tions if this seems 'appropriate. ' ^ 



^It is also recommended that the discipline group, in addition" to » 
'its* normal role, undertake a study of the many recommendations of 
the consultants in Chapter III that deal with matters of collec- 
cive^ concem. , The group should report to ACAF before May 31,' 1977, 
on the desvlrability', feasibility and, where appropriate the 
H-mplementation bf the actions proposed in recommendations 38,39, 
40, A4 and ,45 of the consultants*' report • 
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is strongly supported. It is hoped that any 'provision for the partic^jjation | 
'of faculty from one university |.n the graduate p^ograimne of another would 
extend to^qual'ified f ^c^lti^'ovef * the system as a whole, and not just to 
departments with some torm ©f gfaduate programme in one area of mathematics 
or anot'her. \ • ; ^ ' " ^ i 

OCGS *also underlines the importance of the following recommendations ^or' 
regional cooperation: . / . 

C4* * I^ is recbmmended l5*bat the University of TcTg g ^ q ^ and York Univer - 

siby report to ACAP by December. 31, 1977, qiT progress in connection, 
with:^ • ^ ' / 4 

- . i) the involvement of Ybr>k facility in the supervision of research 
students' at the University of Toronto (s^e recommendation 11, 
page A-42)., ,^ x - ' ^ 

ii) >the development of a regur&T::*^9tatistical setninai^ involving T5tift^ 
* tpllaboraii'bn of both*groups *(see* recommendations 20 and 29, 

pages A-55 and A-62), and * 
iii) the proposed programme in computer science at York, if it is to 

involve collaboration with the University of Toronto (see.recom-^ 
mendaMons ^0 and 37, pages A-64 and A-71), * . 

-. ... 

- - % 



• ' 32 ' 

C5 It is recorfmerided that Carleton University and the University of 

Ottawa report to ACAP through the. Joint Ottawa-Carleton Committee 
fot Graduate "Studies by December 31, 1977, 'on T)rogress towards: 

t) a coopera't^ve, programme in the f:^eld of #ifQrmation and sys- 
tems science ^see recommendations l5^\a^-i'16, pages and 

, ■ A-A8). ^ , . ' , : . 

^ ii) increased collaboration among the statisticians of the two 

universities (see recommendations 22 ^ajd 23, pag^ A-57 and 
, A-5^, and " ^ . . ' 

iii) ^the development of a comprehensive^ joint programme of academic 

work in computed science for the Ottawa area (s6e recommen- \/ 
dations 32 and '33, pages A-66 and A-67).^^ 



C6 . It is recommended that Guelph, McMaBter and Waterloo universities ' 

and the UtVLversit^ of Western Ontario ^ discuss the possibility of 
collaboration in the ^fariety of ways indicated by the consultants 
and report to ACAP by December 31, 19-7^, ,(see recommendations 21 and 
28, pages A-56 and A-61 9s well as comments in Chapter III). 



Recommendatylon^C2 whicTi states 

It is recommended that patt-tlme study at the master's level b^. 
made available when appropriate and practicable. 

is particularly appropriate in the moye applied areas of statistics and 
computer science. 



The recommendations calling for external appointments to supervisory com- 
mittees and for more inferuniversity statistics seminars may be appropriate. 
To encourage interuniversity 'exchangesj-in the- mathematical Sciences support, 
both mora^l and financial-^, is required^ The lower level of federal research 
funding in mathemati^cs^ when compared with the physical and Biological sciences 
may not* fxermit as much travellin| as would be desirable. 

Computer science, in a position on the boundary of mathematics, and applied 
science and engineering, should not be pushed into an over emphasis on either 
pure mathematics or straight hardware problems, but must maintain strong roots 
in both at^as. One should,^ot be strengthened at the expense of the o(;^er. 

As is clear from the ACAP and consultant^' reports, problems arise from the 
presence of many departments and programmes within each university, encompassitig 
the diverse disciplines of the mathematical sciences. Each university should 
consider some t:oordinating body to catalogue and correlate^-'interes ts of a 
mathematical nature because 'in many instances appl'ied mathematics is found in 
departments of the social, physical, biological and engineering sciei^ces. 



social, 
it the^re 



Ijt ts regretted that there is no direction regaxding th^^ introduction of new ^ 
master's ^)rogr^immes either. I'D "specific. pr general areas or of an interdiscipli- 
nary nrft\ire. 

January 5, 1977 , - • 
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• - RESPONSE ^ THE DISCIPLINE GROUP Of THE MATHEMATICAL SCIENCES 

^ . TO THE ACAP REPORT 

ON THE MATHEMATICAL SCIENCES PLANNING ASSESSMENT 

^The Discipline Group would like to make several comments, on the ACAP Report ^ 
'to be consfdered in conjunction with.^our earlier response to the Consultamts' 
Repojrt . 

1.^ OPTIMAL NUMBER OF GRADUATE STUDENTS, ^ 

We are in .basic agreement with the statement that the^piCgsent number of 
M."Sc. students *is of t,he right order (Recommendation CI) although the suggestion 
that part-time studies be encouraged (Recommendation C2) could lead to a , small 
increase in tHe size of master's programs. 

Witn regard to the suggested numbeirs of Ph.D's per year, the Discipline 
Group is satisfied with' the conclusions of the Report concerning Pure Mat>iematics 
and Computijjjk Science . As is pointed out m the -ACAP Report, the present enrol- 
ment figure^in Applied Mathematics and Statistics appear to be compatible with 
the suggested number of lo Ph.|2,'s per annum m each of the two areas. The 
Discipline Group feels, nevertheless, that it would be unwise to adopt a figure 
of 10 for each of these areas* for the coming^years . The reasons for this are 
givQn at the bottom of page 2 and the top of page 3 in our response to the Consul- 
tcints' Report. s They^ are, briefly, that in Statistics there do not appear to be 
enough Ph.D's available for the positions pre^sently available and that m, the case 
of both Statistics and, Applied Mathematics the poesibilities of non-academic 
employment could make the figure of 10 too small m the very near future. 

2. E^ROL.^'lENT/GRADUAXION RATIO AND LENGTH OF PH.D. STUDY 

In Recommendation CI it i^ strongly recommerjcfed th^t the ^nlversitles 
examine their enrolment* and graduation data to determine the underlying cause 
for the high ratio of enrolments to graduations. In the three academic years 

"ia72 - 1975 this ratio is 4.9, 5.9 and 4.3 respectively. It is higher for the 
year just past but we feel that t;he graduation figures are incomplete (the date 
of- the table 'is June 17, 1976). We do not find these figures at all excessive. 
If we assume the students who go gxK to Ph.D. studj,es finish their master's degree 

.in one year and if we also assume that a period of four to five years after the 
B.Sc.^is a^)propi"iate for a Ph.D., this would le^d to the conclusion that , without 

' any attrition at all on the Ph.D. 'level, the figures should be about 3.5. - If we 
use this figure m 1974/75 for example, this would mean that 89 students out of . 
310 shouJLd graduate^ whereas tHfere .we5:e qnly 71 graduates - the difference could 
be accounted for by 18 students dropping out during the year. We fail to see 
how trtese figures can be interpreted as excessive. Thay seem to us entirely 
normal and desirable and we do not believe that f urth%^ ciction on the part of the 
universities or the Discipline Group is appropriate. 
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A closeJ-y related matter is, of course, the desirable length of. time for 
Ph.b. studies. The Consultants (second paragri^ph, page A-15) state that the 
time required for the 4octoral degree should not exceed three or four years of 
full-time study beyond the baccalaureate undfer normal circumstances and this 
' length of time appears to underline the ACAP calculations* leading to the part of 
.Recommendation Cl alluded to above. As we have already j^fented out in our response 
tp the Consultants' Report, the Discipline Group disagrees with this view and feels 
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that a Hiore appropriate figure for the length of Ph.D. study bey6nd the 
baccalaureate is four to five year^, especially m view of the statement by 
the Consultants that more comprehensive requirements for graduate students and - 
increased e;nphasis on quality are iesirable. - ^ ^ _ ' 

SIZE OF GRADUATE PROGI^AMS , INTER,-UNIVERSITY COLLABORATION AND GRADUATE SUPERVISION 

.The ACAP Report supports many of the Consultants' views on these topics and 
we would like to refer to our reactions to them on pages of nny- r(^c^p nns.& to 

the Consultants' Report. , ' ^ * ' • - 

4, MASTER'S DEGRflE ' * 

Again we wptild like' to *efer to our statement on page 5 in our response to - 
the Consultants' Report on this topic. ^ 

5. UNIVERSITY RECOMiM^:NDATIONS 

•^'^ As already noted in the first ^ paragraph on page 6 of 'our response to the 
Consultants* Report the Discipline Group is unhappy with tH5 statement on page \ 
14" of the ACAP Report on Computer Science, since it might be interpreted as 
implying that Computer Science should strengthen its ties with the other areas 
of the Mathematical Sciences at the expense of its ties with other university 
disciplines sHch as Science., Engineering' and Social *£ciences . 

Although the Discipline Group does not wish^to tak^^ issue with the requests 
fi>r the reappraisal of certain graduate .programs , there was some dissatisfaction 
expressed about the short length of time given 'to the univef sit?ares to implement 
'some of the recommended changes before such appraisal takes place. A* motion was 
passed, (5 in favour, 3 agamat, 13 abstentions) t ha t^,,xfn\ those cases in which ^ 
the university rf eels that the allotted time is ^ madeqjtfate , the proposed deadline * 
for reappraisal be changed to December 31, ^978. > ^ 

# There was aisp some discussion m the ^Discipline Group about the judgments 
rendered on Ph.D.' theses at certain universities and >/e again refer td our state- 
ment on page 6 of our response to the Consultants' Report on this matter. 
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THE r"?iNCirAL \ r 
AND VICl - C>I\N'Cr¥^OR 



Out ^ ^ \} - .it\ 



8 December 1976 



\ 



Dr. H. H. Yates 
Executive Vice-Chairnian , OCGS 
Councii of ,0^tariq Universities 
130 St. George Street, Suite 8039 
Toronto, Ontario M5S 2TA 

Dear Dr. Yates:, 

I am writing to state that Queen's University is 
satisfied with the ACAP Report on tfie Mathematical Sciences 
Planning Assessment, and does not wish to submit any cpmm^nts 
except its ge'neral appro val o f the Report as related to 




Queen' s 'University. 

There is no objection to the publication of this 



reply- 



Yours* sincerely, 

/ 



Ronald L;^atts' 

Principal and Vice-Chancel lor 
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• « . UNIVERSITY OF TORONTO 

* School of Graduate Studies 

*{>pncE OF THB 0EAN ' Toronto. Canada ^55 lAi 

December if, 1976 , 



Dr. H.H. Yates 

Executive V^e-Ch airman ^ 
Orvtario ' Council on Gradua^e_5*^dies 
Robarts Library, 8th Floor {^uite 8039! 
13t) St. George St* 
Toronto , Ontaif io 



De'ar Dr. Yates: 




' I am writing to sky that the University of Toronto does 
not wish tO^maiCe any further comment on the ACAP report 
on the 'Math^atica]* Sciences fpr#COU's consid-eration. 

I 'Should be glad, however, if you could convey to ACAP, . 
,^and to the consiJltants , the University's thanks for a 
report who^e' cdnstructive criticism has been very he]±)ful 
to us. Wit^hout going into detail, we have now founo^n- 
organizati;onal solution which will greatly aid bur 
programs in statistics; a review of applied mathematics 
is. also under ^ way. Universities (even this onel) 
\ occasionally need such an external review /to spur changed 
I, am glad to be. able to say that ACAP*^^ contideneesin this 
University's willingness and ability to deal with the 
issues raised by the consultants has not .been misplaced; 



Yours sincerely, 

i ■ '■" - ■ 

James Ham 
Dean 



JMH/ss 



5.J 
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I N I \K RSI T 
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OF >V I N I)S<> R 



WINDSOR. ONTA'RIO N9B 3P4 



TELEPHONE AREA CODE 519 
^ 253-4232 



February 1, 19 77 



Dr. H. !l, Yates' ^ - 

Executive Vice-Chairman 

Ontario Cotmcil on Graduate Studies 

130 St. George Street > 
Suite 8039 ' , 

Torbnto', Ontario * V 

M5S 2T4 

De,ar Dr. -Yates : ' , * 

I write in reply to recommendation CIA, iii) , of the Report to COU 
on' the Mathematical Sciences. 



It\ts 'recommended that we strengthen our staff , in probability and 
statistics By the addition of t\^o strong, research-oriented members 
or submit our ducLuial program in statistics for appraisal, ceasing 
to enrol new students after December '31st , 1977, until a favourable 
appraisal has been obtained. < 

l^ile the consultants were already engaged in preparation of their 
Report we had reached a siit^ilar inclusion, and had ^advertised in 
the Fall of 19 75 for the first of these appointments. We were abj.e 
to make a suitable appointment^ in early 19 76, and the appointee is 
now^ on staff * / 



ERIC 



Shortly thereafter another vacancy occurred in ^he Department of - 
Mathematics, and it was agreed that ^t would be assigned as a second, 
additional appointment in statistics, and it is currently held by a 
scholar of repute and murch" teaching experience, whom we .hope wilj be 
willing to joi n our staff with full tenure, in due course • 



As the forgoing would ii^licate the Univers 
In advance of the consultants' recommenda 
,oViented appointments , and has already pr^ 
ingV ^suggest that it should be noted tha 
in the Report to COU oh the Mathematical, Sciences , in respect to our 
program in statistics, has been fully met. 




f Windsor had accepted, 
e need for two<, research- 
them. I would accord- 
condition now specified 



Youors sincerely. 



JFL'tsp 



J. F. Leddy 
President 

5i 
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APPENDIX A 



PLANNING ASSESSMENT OF THE MATHEMATICAL SCIENCES IN ONJARIO^ 



G. Birkhoff 
D. R. Cox . 
A. H. Morrish 



April 1976 



The University of ^Manitoba . ^ ' 

. UM 



Department of Physics 
Winnipeg, Manitoba R3T 2N2 



Ap^il 27 , 1 976 



Dr. H. h/ Yates ' • ' . ' 

Advisary Committee on Academ^ic Planning . ' 
Appra i sa 1 s Xommi ttee^ ^ ' ' • ' 

Ontario Council on Graduate Studies - \ 

130 St, George Street, Suite 8039 

Toronto, Ontario • < . ' 

M5S 2T4 ^ . ' • . ' ' ' ^ 

Dear Dn. Yates : > ^ , ' , , 

You wi-ir'find our report on ttie mathemat i cal sciences 
enclosed. We wish to express our appreciation to |;he 
njathemat^cs departments, of the Ontario universities for the^ir 
careful atter>tion to t,he preparation of the various* documen*ts 
and forms required ^far an ACAP assessment ofgraiduate programs'. 
We are indebted to^ Miss 5. Cale w^o reduced the vast 'amqupt of 
data .to a form sui'table for the t-abjes and f i gure<t She also 
arranged the mechanics d-f our v:^ts to the un i ver sn t i es 'wi th, 
great efficiency. _ We al so ' thanljpou , and your predecessor,' 
Dr., M. A. Preston, for ijiformation and advice* 

Although'we have attempted to produce a report free of 
errors, ,some may occur. However, if there ar« any we do accept* 
full respon.si til ity for them. 

* We hope this report is acceptable and usefut. 

^ Yours truly, ^ 

^~ * ' ^ . 

; '• . ■"• . G . -Bi rkhoff , '• 

• •■ ' ■ D. R. Cox/and " 
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PLANNING ASSESSMENT OF' THE MATHEMATICAL. SCIENCES IN ONTARIO, 

» ^ • : ' . 

' ' . I - 

^ , CHAPTER 1^ ' 
. . ' PRELIMINARIES ^ , 



1* Introduction* ^ 

— : ir-i V * ^ ' 

This report is concerned with the graduate programmes* in the 
mathematical sciences offered at the Ontario universities. It was com- 
missioned by the Advisory ^lommit.tee on Aca^mic Planning (ACAP) , a com-" 
mlttee of the Ontario^ Council on Graduate Studies (OCGS) which in* turn' 
is an ^affiliate of tJie Council of Ontario Uuiversities (COU)f The terms 
of reference are reproduceii in Append!^ I. ,It is useful' to elaborate on 
'^me aspects of these ^rnfi, and to indicate how they were interpreted 



implemented; this is done^in section 1-2. 



ThJJievel of activity in the mathematical sciences at prese'lst 
is discussed in ^^^egtfion 1-3, and compared with that *in .Canada as a whole , 
and irf othfer countries with"* similar traditions. S'ome remarks on the 
degree of activity and relative quality will be made. The role of thp 
^^^^'^^^^^i^'C^^^'' doctor si prdgra'mme^ will be discussed in^s^ction 1-4. ^ 
Ne3tt, <jfe stu3ents, their preparatxoti and distribution between areas, 
and universities,^ will be consideic^ja in section 1-5, The current employ- 
ment prospects and limitations on enrolment will be ifiterrelated in ^ 

ction 1-6. Chapfer I'will then be concluded by some general remarks 
^tl section 1-7. - - ' - , 



^Chapter II is concerned with detailed reports for different 
OTreas of mathematics and for different uni;i7er^iti8s. Chapter III., concludes 
the main body of the -report/ and present^ ooir genofral conclusions andjr 
recommendations. 

* - Four te^»Tli;scip lines have been assessed by consultants appointed , ' 
Tjj^'ACAP. The format of *'|!he reports' presenting these assessments, the nature 
of the arguments used, and the degree of af'cceptance and usefulness have- 
in.fluenceji , positively or negatively, this report on the mathematical 'Sciences 
Especia^ m^ption shoul^ be ^ade of the COU Report IIB on Electrical Engin- 
eering '(1974) , and of the COU Report 14 on Physics and Astronomy (1974). " . 

^ » j^ ^^lp g th^^^urse (5f the present^ investutgation, Background Stud^j 

'38, sjfonsqr^^y the^ Science Council of Canada, entitled l^athmcJXdoJi^ 
ScitnC2A in CanadL' by A. J. Colemaa', ,G. Edwards and ^P* Beltzne'r, , ^ 
becamfe availably. *m\eir terms reference 'were broad; they were to . 
-i(ponsider the Ikijjpj^artd* extent- oP^the usage of mathematics in Canada, to 
evaluate the't^resenf /types. of t'es^arth, tx) estimate present and futjure 
manpower supplies .apd needs, to examine trainj.ng' methods , as well as ^ 
other matters. The influences of mathematics at all ievels, includine ' 
the int^^ctions of mathematicians a^ users of mathematics were described 
by the ^S4*gge stive phrase ^'mathematical ecosystem". THis ambitious' and 
imaginatiye report can be read with profit b^.a^ll interested in the 



mat^iematicali sciences. Its relationship to the present report is l^owever 
peripheral, and it will be referred to only occasion-ally. 

' . • Other sources of inforiEation used as general background tended ^ 
to be more specialized. Exampllfs ^re Statistic^ Canada, an4^ the De ^Lury 
report on statistics at the University of Toronto. Any use of such literai- 
ture vill be no^te.d at the, pertinent. i>a1rt, of the ^ext. 



2. Procedures 



$^ mathematical scien^e^s have undergone great growth all 
Id in the past twenty years. ' Af one time,, it was primarily, 
physics, cheinistry, and engineering students who needed'a knowledge of \\ 
jinathematics for use in their subject. Nowadays, the list of u^rs, is * ' 
vast, and includes most disciplines in the biological scientes' and the 
social sciences, and, although to a lesser degree, even some students in* 
the humanities. Computer science, which after some hesitation has propferi'y 
settled" into a%athematics setting, is a' major new development." A -J'^rge 
' faculty in matiiematical sciences is require4^'j^st to satisfy undergraduate 
teaching needs.- In addition, there have been ttiajor expansion and develop- 
ment at th*e rese^tch level ,in most branches of mathematics, which ^re at 
ieast comparatle' t« those tjnat have occurred in several other subjects in 
fthe past two defies/ ln,.pure mathematics the growth has b^en particularly 
great; an emphasis on abstractness has^developed ^ince World War II 
which however, now seems to h^ve passed its p^ak"*! The range of applica- 
tions of mathematics has also gr'eatly increased in the past fifteen 
years ; ^Xhis'^ expansion has important 'impri cat ions not only for the intel- 
' lectua(^ vigor of th^ subject., buf also for the number of employment pi^os- 
pects. * ^ 

The etvd result is that the number of math*^maticiahs^on tiniver- 
sity staffs is much larger than far" many other traditional disciplines, 
such as cheplstry or .physics. Indeed, at inany universities the mathe- 
matics personnel comprises cdose to 40% of the total in a faculty of 
'stience. AnJT^ven greatet ^/ariant is to be found ^in Ontario at t^^e Univer- 
sity .of Waterloo, where a faculty of matlfiematics fe^i$ts, and which 1^ 
\^Qne of the largest faculties'on ttiat. campus./ 

' From the ' outs^tt'.j'it must have been clear ^tfiaV a [Planning, assess- 

ment^of"^a3<fhematicai sciences in the Ontario universities was beaet with 
procedural problems. Itjg^ decided by ACAP , in xons'ultatipo with its 
mathematics discipLta^^y^OTnittee , to divide the mathematic^l*^ciences 
into four major areas, namely, . ^ ^ ^ ^ - ■ ^ 

* ' <•*" *^ * 

^ ' (1) pure mathematics \ ' * 

(2) aprtolied m'athematicar * ♦ . ^ , 

• (3) stjf^stics, and j , 

(4) COTiputer science. % * \ 

This choice has at least the merit .cgrresponding* to the departmental 
structure employed at some*universities , both witMn ^ai>ada, . and' al^rokd. 



There are, however, anomalies. In Ont ario There exist aN^lftily one depart- 
ment with the name 'oure' mathematics', and only ©ne called 'statistics', 
although there is one 'institute of applied statistics'* One department 
named 'applied «iathematics' is primarily cancerned with, statistics and . 
computer science. 

' . r ' 

^ These four areas h^jje been further subdivided into^fT-lds ; 

""they, are listed in Table I. The fields are much more, arbitrary^ in 
nature, and^are certainly not mutually exclusive, either as to area, 
or as to field^ for example: probability theipry,' listed under statist dxs'',^ 
could also be assigned to pure mathematics; applied analysis , .lasted upder, 
applied mathematics, exists also as a form of ^pure mathematics in some 
universities; and computer science f^ften includes a^good 3e^l of numerical 

* analysis. Even more troubl^ome fromMte point of view of aiJ assessment, ^ 
is 'the mathematical component in other departments or faculties? Examples 
are applied mathematics in the areas of physics, chemistry, togineering," 
and economics, and statistics in a host of othet departments. 

It is important to note that 'some fields that may be classed as 
mathematics are ncbt expMcitly identified in Table I. Examples are 
actuarial science, business mathematics and accauntancy, and operations ^ . 
research. Such fields could of course be listed as 'other' in Ta^Xe I..* 

ACAP decided to appoint eight advisors, and assign two to each 
area (see terms of reference. Appendix I). The advisors- chosen were: 

(1) Pure Mathematics : W. A. J..Luxfmburg 

N . S . Mendel s ohn 

(2) ^plied Mathematics: I. N. Sneddpn'^- 

M. Wyman . ^ * " ' - ^ 

* -.^ • " ' ^ 

(3) Statis.tics: D. R. Brillingfer^ 

W.-H. Kruskal . ' 



(4) .Computer Science: J. E. liopcroft 

M. Kennedy 



In a^ditibn, ACAR^ appointed three consultants,^ two or^ whom were to be 
mathematicians. Tftos^ chosen yere: % • • . 



" ^ — \ • . D. R. Cox 



G. ^irkhof f 
D. R. Cox 
A. H. Morrish 



- ^ The mathematical «cience departments^ of the ^Ontario xxniversities 
involved supplied extensive data on forms ppe(pare'd by ACAP, together witli " 
curriculum yitae <^f the faculty members, vaB per instruction C6 of Appendix I 
In addi-tion, and of major importance ,. each iini\jersity supplied a state- 
ment ot future plans, in detail for the* period 1975-80', and in outline for 
1980-85 (see clause C7) . Each university, president also issued a statement 
concerning the university's plans f#r graduate work in the mathematical 



1^ TABLE I 
MATHEMATICAL SCIENCES IN ONTARIO 
AREAS AND FIELDS OF MASTER'S AND DOCTORAL WORK 
(determined by ACAP •in 'consultation with the discipline group) 



1. Pure Mathematics 

Logic and Fpundatioh 
Number Theory and. Algebra 
Topology agd Geoiaetry 
Discrete Mathematics 
Real and -Complex Analysis 
Function^J Analysis ^ 
Other (Piease''^ si)ec:iFy) ' 
Unspecialized 



2. Applied Mathemattfs 

Classical ^^^l^iL^thematics 
Mathematical Physips 
* Modem Applied Mathematics 
Api^ied An'alysis , ' 
Other (Please Speci/fy) 
Unspe^:ialized ^ 



3.- Statistics 

Mathematical*^ Statistics 

Applied Statistics » 
' ProbabilJ^ty Theory 
-..jLp|lied Probability 

Other (Please Specify) 

Unspecialized 



4, Computer Science 



Mathematical Software * • 

Prpgrampiing Languages ; ^ . - - 

Software Systems * , ' ' ^^=3^* ' 

Theory of Computation ^ -h^. ^ * ' , ^X* ^ 

Data '>lanagement ^ ' ^ ^ ' . ' - " ' / ^ 

Art^ificiai Intelligence ' ^ ^ . ' j ' 

Computer Architec<u];e ^. ^ . • ^ , ~ , 

Other, including applications, (Please spActfy) • , 

Unspecialized . ~ . . ^' ' * ^ / , 



8c-lences- (see Aayse C8). Copies , of Jthis material, which cbnsisted of 
several himdred pages, were givw to the advisors and consultant^. 

^ , ^ Eleven Ontario imiversiti]^& of f er '"'gr^tiuate programmes in 
mathematics. The areas and^d^g^e^a; offered (doctoral and/or master's) 
are lifted in Table III It ^oyld be noted that some programmes are 
proposed for the future, and ar^; it\^rvarious st^es of preparation at 
this time., . \ i * " ■ ^ 

^ ^ Duifing the peWiod June to ^pteraber , 1975 , some or' all pf the 

adi|p.sors atid considtants visited these universities, as appropriate far 
the areas and^degrees offered. These visits were very informative, and 
significantly supplemented . the written data aV'allable. It is a pleasure 
to thank the member^ fTf^The universities for their cooperationv^d many 
courtesies during the-'jagur^jg of the visits- by the advJ-sors and^ consultant^. - 
m * . ' 

• The reporting 'duties of tfee advisors are listed .under section E • 
in the terms of reference (Appendix I). In brief, the advisots were fo" 
submit" an area report for each university j/i"f appropriate, and to discuss 
^the subjects listed in clause E2. After (fiscussipns betil/een the advisors 
'^d the consultants, it Was decided that ^ch indiC^ual 3fei:lvers¥cV ^ , 
report should include a general section that was CtJOHion eto all reports 
^or a given ^rea. These reports were completed during the autumn of 1975,, ^ 
and submitted^to ACAP. Each report was -sent t5 the university concerned/ ' 
The universities, in tuxu^, prepared comments , -/sometimes in^cluding 
rebuttals, on the contents or the advisors' reports. These comments* were 
forwarded to the. cansultants 'b^ AC^P about the middle of December, 1975. 
Tfie consultants ' ob.tainad informally the reaction of the advisors to the 
comments by the universities. ^ * 

Although exchanges of views between the advisors and consultants 
occurred ^^ring. the preparation of the advisors' reports*, it was ine^/^table 
^that the differences in viewpoints would l€4d to a dispersion in treatment. 
Further, the nature pf the reports for different universities elicited 
varying degrees of acceptance or rejection' from the universities concerned. 
The consultants hav^^lt it 'wae their task to develop some greafer degree ^ 
of consistency beiifeen the are^i reports, and. to render judgements on 
some controversial jmatters, pie advisors' reports together with the * 
universities' responses have formed the major b^se for the present report. 
However, it should bfe made clear that the consultants take full responsibility 
for any and all collusions and recommendations in this report. The specific 
terms of ref erehci 'f or the consultants' report are listed in section F 
(Appendix I), The re^t of this report will develop the analysis' required 
by^clause^ F2. . ^' 

3. Scope of j^j^ mathematical sciences in- Qnt^io universities 



•The rang6 of fields in mathematics covered to some extent 
by graduate- pjqgrammes in -the Ontario universities has already been 
indicated byj^the ^ACAP classification in' Table I. ' Inextricably bound 



. TABLE II 

' . ' • * 

- , MATHEMATICAL SCIENCES IN ONTARIO (1974-75) 

GRADUATE PROGRAMMES BY UNIVERSITY. 

i 

(a doctoral programme implies there is also -a^master 's programme in an area 



University 


Pyre 


Ap/lied . 


• 

Statistics 


Carl4ton 




PhD 


PhD 










' - ■ A4- ' ■ 

Lakehead 


MA/MS c 




"I 


McMaster ■ 


PhD • 




MSc 


Ottawa 


PhD , 




PhD 


Oyeen* s 


PhD 


PhD . 


PhD 


i^oronto 


PhD 


PhD 


PhD 


Waterloo 


PhD' 


PhD" 


PhD 


"Western . 


PhD 


PhD ' 


PhD 


WindsoT 


PhD 


PhD ^ . 


PhD ^ 


York 


MA** 
✓ 




MA** 



Cpmput,er 
Science 

PhD* 



proposed MSc 
MSc 

proposed MSc 

MSc - 
PhD 
PhD 
MSc 



proposed^ MSc 



Given by the Department of Systems Engineering. A new interdepartmental 
MSc programme in Information and Systems Science (Departments of Mathe- 
matics and Systems Engineering) has been favourably appraised,. 



The >yv at York is unspecialized. 



L^spributic 



to* tjiis topic is^the size and dist ribution of the mathematics faculty. 
Although a detailed discussion will be,^ presented in Chapter II, it is 
useful to give now some overview of the, picture in Ontario that. will 
help to set the tone for the report. ^ 

The distribution of mathematicians over the four areas is' 
given in Table Ilia for each of the past five years. The total numbers , 
of mathematicians for all Ontario universities ire given by rank in 
Table Illb. Over this time scale, the growthjtas been slow. ^ 

* ^ breakdown between fields is available. We have felt that 
such a d^^ribution is of less value,* partly because many mathematicians 
divide thSr time between more than one field, and because the situation 
is* not and should not be static' Also, meaningful work in some fields 
requires activity in related -fields .t Anyway, the boundaries between 
many fields are fuzzy^ Instead of presenting details, comments will be 
made in Chapters II and III on fields where over or under supply exists 
.to the extent that the matter, is important. 

1 In section 1-2, mention- was made that., some fields are covered 
^itt «^l%er— tha^^mathematics departments. We did have 'the opportunity to 
meet with some staft in pther cognate, departments , but not systematically 
'and the amount of information obtained was at be§t fragmentary. We 
therefore generally exclod^^^an assessment of mathematics research* out- 
side of mathematics departments. However, at appropriate parts of the 
text, a few remarks will be made on such work. 

' ' - Statistical data on quality are difficult to generate, primarily 
because of the lack of a suit^le scale of measurement. It is useful* 
to Qonsider peripheral b.ub, related data. Figure I shows the*age distri- 
butions for^the faculty; Table IV gives the same d^ta by area. The faculty 

nds to be young, with a laxge ^preponderance in t»e 30-45 age group. 
This distribution is not resj^ricte'd to the mathematical sciences^ a 
similar one is to be found f5r almost all departments in all North America 
universities. It is the result of the large expansion i^ post-secondary 
education that occurred starting in about 1^,55 and increased further 
just after Sputnik. Such aArexpansi^ had never occurred before in the 
history of tKese universities, and further, there is no possibility that 
it can recur JJn the next two .or three jiecad^s at least. Tltis age ^istti- 
bution will therefore have profound implications for the universities for 
a' long time to come. There will be*a lack of new appointments, and 
difficulties will be incurred in the development of new fields.' 
t' ' 

Figure II indicates the number of faculty publishing in refereed 
journals^ (1972-1975) . Clearly, the faculty Is respectably active at all age 
The averse and total^NRC graht funds awarded by institution ^re displayed 
in Figure III. We have, madfe, soi&e 'independent comparisons and flnd'"that 
the size of the NRC grant does ^correlate well with our judgement of the 
quality of the research of the 'grantee. 

/ * 'In 1974, the population of Ontario was "8.03 million compared 

22.31 million for Canac^a, that J.s, 367o of the total. The Ontario 



TABLE Ilia 

' MATigiMATICAL SCIENCES IN ONTARIO (1974-75/ 
NUMBERS CfF FUI,L-TIME FACULTY ACTIVE IN GRADUATE PROGRAMMES AR^* 



Pure 



Applied 
Statistics 



1970-71 1971-72 1972-73 1973-74 1974-75 
' 242 253 263 264 



*230 



130 



.63 



130 



71 



134 



83 y 



142 



85 



159 



85 



Computer Science 94' 



107 



• 109 



118 



131 



Any 'individual working in more than one area is counted more than once. 
« 

: ^ ^ - TABLE I lib 

MATHEMATICAL SCIENCES IN ONTARIO (1974-75) 
NUMBERS OF FACULTY BY RANK (STATISTICS CANADA)* • 



1971-72 1972-73 1973-74 ' 1974-75 



Full Professors , 147 

Associate Professors 192 

Assistant Professors 234 

Total ^ ' 573 

J 

* 

-All Ontario universities. 
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' . FIGURE I . 

MATHEMATICAL SCIENCEsfiN ONTARIO (1974-75) 
AGE DISTRIBUTION OF FACULTY ACTIVE IJr\GRADUATE PROGRAMMES - ALL AREAS 

(as of Dec/mber 31, 1975 - no double count^.ng) 
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'TABLE IV 



AGE DISTRIBUTION OF FACULTY ACTIVE IN GRADUATE PROGRAMMES ByV^A* 
. (as ftf" December 31, 1975). 
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AREA 
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vO 






PURE 


5 


66 


69 


. 42 ■ 


36 


13 


10 • 


7 


3- 


251 


APPLIED 


6 V 22 


51 


27 


19 


12 


4 


3 




144 


STATISTICS 


5 


. 23 


IS 


20 


10 


11 


4 


3 


1 


.105 


COMPUTER SCIENCE 


10 


42 


36 


20 


15 


10 


1 






134 

* 


TOTAL ^ • 
« 


26 


153 


1S4 


109 

1 


80 . 


46 


19 


13 


4 


634 ; 



*eatleton, Guel^li, Lakehead, McMasteA Ottawa, Queen' ^, Toronto, Waterloo, 
Western Ontario, Windsor an^' York. 

'AnV individual working in- more than one area is county more than once. 
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FIGURE II 

MATHEMATICAL SCIENCES ON OMTARID , 

FACULTY PUBLISHI^IG RECORD IN REFERE^D JOURNALS 
(1972-1975) 
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universities had 40% ot t^P total faculty (all subjects) in Canada for 
^1971. The corresponding figure for the mathematical sciences was not , 
availabJLe, but it*appears that' it « exceeded 40%. These statistics should 
not^be a surprise since "Ontario* i-s one of the oldest and most highly 
industrialized of the provinces, and has^ long tradition in education. 
In our 4)plnion, .the breadth' of activity ^nd quality in the mathematical . 
sciences in Ont;^rio is superior to that Tin any other province of Canada* 

It should be kept in mind that these statements do not imply 
a uniform Si's tribution in mathematical talent over the Ontario .universities, 
and indee,d, it is j^st the reverse; *this is ^ subject for discussion in 
Chaptev& il and III. ' Nev^r tlieless , it is appropriate to s^ate now that 
»^ in many of t^e fields and each of the areas at least one Odtario university 
,is to be rated in the lop two or three in Canada (see clause E2g^Appendix I) 
Such *a rating is not* necessarily too significant, Slince, for ex^ple,. 
there are onl^ about four or five universities in Canada that currently 
offer ^a, PhD in computer science. 

^ In most fields, the level of mathematical research in any*Ontario 

university does not raak in the same cla^s as the small number of belst 
centres in the world^ ,An exception is computer science at the University 
of Toronto, which rates in^ the first half-dozen in North America. Even 
here, there are twoxlaveats: (1) many US universities do not offer a 
PhB in comput-er science, and, (2) many,, if not most, of the leading 
participantfe in this area do not hold university appointments; they work 
in the US computer corporations, "which, as a group, are -the world leaders. 

Another exception is the presence ,of a numbet %f individuals^ 
with international reputations, some of,jwhom are ^ong th^ world leaders 
in at least some special field. We ^fciji r i i it r no ill wilr by men-C^ 
tioning classical geometry, foundations 'of statistical inference, com- 
binatorics, and some aspects of algebra. 

We turn now to ^consider the scope of coverage. Most fields 
of mathematics are covered to a reasonably complete degree in som|^ Ontario 
university or other* There are some areas that ^re not, including 

^probability,, algebraic geometry, artificial intelligence, computer graphics; 

^odeliing of plasmas; solid, mechanics , an d- control Jtheory th^y will be 
discussed in greater detail in Chapters II and III. 

A more difficult question concerns coverage of topics in /fields 
that are not fa^hiohable and have little relevance at this time. Even 
in subjects as important as ma4khematic^ phy'sics and functional analysis 
there is some danger of excessive emphasis on aspects currently outside 
the main stream of 'development. Of course, excellence in such fields ^ 
can always be defended. - ' 




4 * 



A* Role of, the master^^s and doctoral p?^gratDme8 „ ' * * 

I * ' • 

Some remarkfe have beeil made in the two previous sections on^ the 

areas and fields of Research in the* mathematicai sciences at eTeven Ontario 

universitieff. The assessment of research as %uch is not onV of , our tasks. 

However,' it goes alinost without saying that the basis for any strong O' 4* 

graduate programme ^onust be the research abilities,, interests, and activities 

of the faculty, ^ feel very stfongly that \he converse does i:\ot follq(w. 

At several of the universities it was argued that^ a graduate ^ 
programme \^as essential 'for the existence of^a healthy research activity. . ^ 
We do a^ee that the presenoe^ itj i Sl ^aduate students can adcH-stimuiatioiI 
^d' eyen'excite^nt to the atmosjihere, can increase the volume of ^resaatch, 
and can provide the opportunity to keep- up to date ^hrpugh the mechanism 
of> teaching'graduate courses and through discussions with students. How- 
eweVf we do not be^evc* that research should be viewed as 'the ^outgrowth 
of a graduat^e programme; instead graduate programmes shou-ldi develop as the 
natural consequence of the faet4lty'5 research. There i^ no excuse foj » 
the faculty ^ot engaging in research jiiSt because no graduate students , 
are enroll^, especially- u0t in the mathematical sciences.^ *^ 

^ /Three pos&ible paths to the master's 'degree in mathematical 

science exist at^one or another of the Ontario universities. One requires - 
only Successful 'completion of a number of fofmat lectu»e or reading 
courses^ a second involves courses plus. a project p^per, and the third, 
courses pl,us^ th^is. The difference between a project paper and a W *\ 

.thesis' is in .the • amount of time required, the depth of coverage,, and . . 
the oyiginaillji^. The mas^ter ''s #progi*amme has variouj^ purposes. It may 

.be deliberaicel^ terminal in nature, and proviiie further training ^beyond 
the baecalaurea4jB in depth and breadth. Sometimes it is ^ mechanism ^ 
whereby s^tiajsiits gfet training in fields ofigfc^hematics that will aid them 
to g^in employment; for example, comput^^lPience and statistics. For 

,some^ students, deficiencies can b^ made*p. For others, the master's 
act^ as a ^esxlng ground* fA: further work; a device' that is useful both' 
to the sfeudent and to the univer^ty. For a very few students, with 
cle/arly identif ied.'Sbility .and a strong undergraduate background in 

.matljematics , the' master's programme probably serves little purpose; 

^dttect entry to the- doctoral programme is advisable. In any event, 
tlk advisors 'and, consultant? are pleased, that most departments agree ' 
tnat f'Uil^'time study for ehe^master|s degree should not normallygAcceed 
riwelve months ior weT.1 qualifie<i students. ^ ^ * ^ ."^^ 

I * > * It seepos' universally acknowledged that? the essential pur^o^se 
pf the PhD is to^ provide training in research. .There is less agre4»ent 
ion the best, methods to- achieve thi^ go^l* However, clearly the thesis 
'''is the major coi^ponent ; '^normally Ifeaa^ part* should be published in, v 
.a ja%«iial wl^th recognized standards-. 'Usually the PhD al-so requir^S course 
: wfirl^^xal though this should not-'^alwayja be 'obligatory.' In many US ^d 
' UK -universities, students^ with g^<3^rep^ratiQn often t-ake no courses 
formally, althou'gh they inay audit S9me l^turte and be ^involved in ^ ' 

^em^aars.** \ ^ - * • 



ERIC 



60 



fi t' Some kind of qualifying examination* must be used tq^ see that' 

a student has reached a reasonable level- of knowledge and understanding^ 
of gome 'basic fields of mathemafics. It is possible to become over 
specialized in matbematits these daf^s. In "^the present world situation, 
it is important that a doctoral student have as jwide a range of knowledge 
In several fields^^f mathematics as is consistent with time limitations. 

The mechanism whereby a student gets led into a* research project 
depends on many fact^ts, including the personalities involved. However, 
it is very helpful if the beginning ^radiaa^te student inter^ts with at 
least; competent and if possible outstanding mature Nmathematician§ as well 

^^s with eager fellow graduate students and post-docioral fellows in 
various stages of .development. The time required for th*e doctoral 'degree 
should not exceed three ox four years of full-ti-me study beyond the 
baccalaureate under normal circumstances. In exceptional circumstances,' 

.five year^ i^ay be permissible, but^more than five years should not be 
tolerateti^'axcept oa medical grounds. - "* 




5. ProfilelSof the ^graduate students' 




A Aostf imporjftant element of tHis report Concerns the gra<iuate 
students themselves. I One of the more significant" aspects of^ the visita- 
tions by the ii^isors^and the colisul^tants to the Ontario ijmlversities " ^ 
has been ^fh'e in ce i v tews with some of the graduate st?udents in the ^ 
mathematijcal soiences. Impressions, pifthaps"^ transitory and^oraetimes 
eVen i^accui^te, were gained of the morale, enthusiasm, air of stimulation, 
and level oi training prevailing' in a given department." , Inevitably, 
. some, these feelings have found translation into various parts of 
the text of this repqprx. , *^ * V * ^ 

V . . ^ 

1 TT^e total numbers of studenjis in master's and doctoral programmes' 
in ^974^75 are plotted by university in Figure iVb^ In addition, the 
totals facility ^d nymber of course 'registrations , both undergraduate atid ^ ^ 
graduate, 'arfe giveri'in Fig^e IVa to^ assist in normalization. The numbers' of' 
master's ^'d doctoral degreed ^granted in the' past five years are also tabulated 
Ml a^r^as were cpmbfned to 46rm this diagram. Data for Ontario, Canada,' the 
US arid Great Britaid ^are listed for comparison purposes in- Table V. 

. A few aspects of the data in Figure IV and Table. V should^be 
note/d. The number of PhDs gen^r^ted ^in all areas is about 60 per^ear, 
1970 represents a low, and for the other four years the average is about 
72 PhDs per year.- Ontario produced more than 50% of tfi^ graduate degrees * 
J^n Canada 'for 1970-74; it has en^rolled more than half the^octoral 
students, Sut,only 38% of^the master's ^tudents. It was mentioned in ' • 

section I'-3 that Ontario' had about 35% of Canada's population.^ Even ^ 
allowii;^^ for dropouts ^nd part-tim^ students, the figures from Figure IV 
imply t{iat the tfme taken to obtain either a master's or a 4oct07ai 
degree is longer than tha£ we recommended (section 1-4). 
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FIGURE IV/^ 
MATHEMATICAL SCIENCES IN ONTARIO (1974-75) 
TOTAL -rACULTY 
* " and 

TOTAL COURSE REGISTRATIONS * 
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FIGURE IV„b • 
MATHEMATICAL SCIENCES IN ONTARIO -(AM. AREAS) 
tJRADUiVTE STUDENT ^OI:MENTS (1974-7^;,- - 
'. - . and • »• 



DECREES GRANTED (1970-71 to 1974-75) ' 
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TABLE V • - V " , 

, MATHEMATICAL SCIENCES. (APPROXIMATELY lSf^4) 
COMPARATIVE TIGURES* FOR ONTARIO » CANAI^A, US AND •UK 



ONTARIO ' CANADA 



US 



UK- 



' Population 



8 X 10^ -22 'x 10^ 211 X 10^4 51 x 1,0^ 



PhD Awarde'd - ' 

(Mathematical Sciences) 

per''million population 



70 



110 



8.8' •" 



5.0 



6:i 



276 



^ 5 , 3^ 



PhD Awarded 

(All Subjects) ' ^ 

^er million population 



.910 



1800 



34000 



114 ^ 82 



161 . 



Faculty ' i 
(Mathematical Sc^^nces) -^^ 

,per million popi^lation. 



630 



13000 



78 ( 



.4500 



^88 



1900 



Faculty. ' , , 
(All Subjects) 



90po) 23000 



N/A 36QOO 



^per million population ^ 1125 ^ 1045 ' 



706 



*the figures -are appiroititaate and ^sqme of- th^^j^i^flhitlons are' pot -^denticai 
between different^ jurisdictibhs.* ' . \* ^ 



The numbers of Canadian and of foreigh PhD graduates in . ' „ M 
each are^ afe given .^y university in Figure V. Scnae^ students with landed 
^^mmlgraijt visa& undpubtedly -had reasotls fof being in Carirada other than 
* to enrol in gradua^te' programmes in mat hematics. However, It is probably 
safe to assume that the fereat majority came as the' result of of'fer»| 
from Ontario universities.. The' mij is variable, but at t!ie doctoral 
level there are as -many or nnore from foic^ign countTies as, frbm C^iada* 
The Canadians dominate at the master's level, which is not surprising. 
It appears that this pattern' is'similar to 'that for other discipliftes 
in Ontario and in Canada as a whole. Tfie* large- component 'of the graduate-', 
student body from outside Canada' h^as few parallels. ' • A ' 

The^preparaftion and the^ quality of the graduate, s^tudent^ body 
is less ea^y ta^'^aluate. Generally, we have receive*d the impres«ion^ 
that the' e^ftrance requirements for loreign or Calnadian , students are 
resp^ectable. We were pleased to find that> the graduate dean-5 office " ' 
in som^ universities e:xercised considerable ct)ntrol on admissions. ^ ^ . 
Although we d'o 'not believe in arbitrar i"i\ess , such control/ can .dampen /*' 
departmental excesses which may from time to't^e appear. ' ^ 
• ft ^ • 

One measure* -of quality may be the p"ercentage of students who , 
hold NRC fellowship^. Ihi^a. information is displayed, in Figure' VI. 
Recjent NRC negulatit>ns governing tfte awards of fellowships will inake tt 
more 5^f f icult for a forei^ student, even one with a* landed ''immigrant 
visa, to win ^ fellowship, at least for more than ^ two year period. ^ 
Therefore, this quality factor will be biased in f^avdr of those . ^ 
departments with the largest Canadian enrolments. Nevertheless, we 
believe Figure Vl to'be significant and interesting. > 

Is there a critical minimxim size for a graduate progranjjji^ * 
in mathematical science? The interaction with other students can be ' . 
as important as* that with the f^C!|lty. However', th^ numbers needed . 
are probably no't J^rge. VHien there are fifty graduate students around > 
close communicatibns aye not usually within groups of more than five ' 
to ten fellow students. We feel that a graduate, programme can be success- 
"ful with as few as five students enrolled. Indeed, a friendly atmosftheje 
and feeling of belonging may be generated which may be absent io a 
larger graduate school. Enrolments under five must create difficulties, 
if only in-the o.ffering of a reasonable selection of^^graduate courses. 
Even here, however, we do not f^el We should take an unequivocal position* 
^P^rsonalit;ie9^' vary ; som^ individuals* seem to be unable to work other than 
^. in complete isolation. Some late bloomers, but with greaf ultimate 
potential, may flourish b^st in a very small ^taduate school (see also 
section III-3)'. 

6. Employment oppp^r tun i ties and limitations on enrolments ^ 

^ ^* A major factot determinihg the maximum ninnber of graduate students 

efirolled^ust be tjie employment prospects^ - From Table IV, it is* clear 
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FibURE V ' ■ . 5. . • 

MATHEMATICAL SCIENCES. IN ONTARIO- v . 

^NUMBER OF PhDs GRANTfeD AND CITIZENSHIP STATUS OF^GRADUATES 

(19VO-7rto 1974-75) • ' ' 
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FIGURE- VI , ' ^ 
MATHEMATICAL SCIENCES IN ONTARIO (1974-i75) 
PROPORTION OT MATHEMATICS GRADUATE -STUDENTS 
« HOLDING NRC SCHOLARSHIPS" '\ 
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that there will be few retirements In the mathematical sciences for - 
1975-80, and not many more for 1980^85, even if early retirement schemes 
are .introduced. Some faculty will ^resign*, either to accept positions 
outside Ontario, or to accept tion-^^i^ersity jots (most likely for 
statisticians and computer scient:i-s?ts) or for medical rea&onsv Mpbility 
between universities in * the Tnathem4tical sciences is low at the present 
time, and may even decrease in the mext decade, so that attrition of 
^his sort is not likely to be great. 

Whether' or not new positions are created will depend primarily 
on* the overall student enrolment. > Some pertinent data on this matter 
are given in Appendix III' of the COU Report on Physics and Astronomy* 
The projected population of the 18-24 age group^will s_till rise' for 
1975-80, but willjpeak at about 1962 'and thereafter' decrease. The only 
factors that could change these predictions are massive immigration on 
the positive sideband some catastriDphe on the negative side, the fraction- 
of this age group that will enter *a university depends on sex and geography, 
but for Canada in 1974 it averaged about 11%. It is unclear what fraction 
of these students will elect, undeiigraduate programmes in the mathematical 
sciences, but we feel it is reasonable to expect that this discipline ' - 
will hold its own." Therefore, there will probably be some small groy^th 
in the faculty size during 1975-80; certainly we found, in our travels, 
that some new positions had been created for .19J^6. 

In view of all these fa4torSi it is difficult -to see "how 
th^re could be more than fifty appointments for 1975-80, or an average 
of ten per year^ in the Ontario universities. Prospects are unlikely 
to improve for 1980-85. It should be emphasized that there may well be . 
fewer than ten positions per year, coming opeji in the next decade. 

Ther^ are of course opportunities for employment outside the 
Ootario universities, especially- fox statisticians and- compruter scientists. 
There^ has, been a demand exceeding the supply for- computer scientists at 
ieast, both' in government and in industry. ' However, these jobs tend to 
be in * applied ' computing, and at some point in the foreseeable future 
will become satur/ted. A iteady^ state appears to exist for statistics. 
Present trends in "XJana^^fwill probably lead to an increase [in the oppor- 
tunities for statisticiaiiy with the government. Some applied mathemati- 
cians, s'uch as^thpse in midem applied mathematics, will find empl03rment, 
particularly with the* govimmenti. Pure mathematicians are likely to 'be 
the least in demand, but,4ven thSey may be vai^^Vly employed if they will ^ 
broaden their know ledgo^Ijrough reeducation , eit^ formally or tiy self 
* study. ' * . ^ - - _ 

We have examined the employment pa,,tterns for each area for the 
past five year period (1970-75) .through the statistics provided by the 
universities to ACAP. ' These data are too incomplete to justify iticluding 
in this teport,. .However, it is* clear that empfoyment opportunities still ' 
'occur* soi^etimes outside of 'Ontat^o and even'Canada. Of course,, many jobs'^^f^ 
in-Onta'rio are 'filled by candidates from other provinces and other countries. 
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Many of the present inathen^tics faculty in Ontario universities have' come 
from outside Canada. On balance, it appears that Ontario had supplied 
more of the trained mathematicians for the ^est of Canada than 
it has received in return. This may pe less true in the future. 

It IS pertinenL to consider t..e tiunhors of matheiralicians 
educated in Lhe United States. In 1972-73, 1,340 PhDs vere graduated 
for a^ll areas coinbined (source : N'ational Ceiitef^or Educa^on Statistics), 
fhe nuirbe'r of ^PhDs projected for 1979 is 1200.. ^ver in tPisiinost' highly 
developed society, many of 'theae "* graduates will not find suitable: pCsiticns 
(G; S. Youiif,. CEVS Nevsxetter). /Xi upfjer limit to the niyLel" that will 
find suitable jobs is probably about lOOO PhDs. Howevei; such prcjecticn? 
ar,e subject tc large ur*certajriti es. For 1985, the National fcience Fcuna^ti 
anil the US Bureau of Labor, b.oth or^^auizations with substantial • resources 
for such studies, disagree signigicantly in their- predictiori of the 
supply and, demand for PhDs*. A sum^iary of the findings of thfese two 
agencies is given in Table VI. N'everthcless , it js ImportanJt to stress 
that i>oth predict that there wili be a substantial surplus of PhDs in 
mftthematics in 1985\ ^ ^ ^ ^ - 

Scaling down on the b^asis of population only, the^OOO figure 
for ^979 becomes 38 PhDs per year for Ontario and 107 PhDs .ple^ year 
for Canada a^ a whole. When due consideration is given to our earlier 
comments, we feel that a production rate cf 50 PhDs per-yeaf for Ontario 
would lead to unempioyment probl ems ^ a figure of 40 PhDs per year would 
"^e more realistic for 1975-80. * . 

How should the 40 PhDs be distributed cjver the different areas? 
Probably about K) per area is a defensible^ choice* Althougfi tHere may 
not be 10 openings per y^ear for pure mathematicians, fhis ^rea is so 
greatf in scope Vjthat In grder to provide the spectra in training over 
the various specialties about 10 graduates per year are needed! Applied 
mathematics is a rather nebulous term (see section II-B) and covers a 
wide range of ^subjects. Here, however, training will also be provided ' , 
by ather departments ,* for example in relativity and quantutft theory by 
physics and chemistry departments, and in control theory^ solid and fluid 
m^hanics by engineering departments. Ten PhDs per year from mathematics 
departments would probably represent an upper limit. In statistics, 10 
PhDs would probably satisfy the present demand; this figure^ might rise 
by 1980. In computer science, probably more than 10 graduates could find 
employment now; however, many of these jobs could also be filled with 
master'.s graduates. Further, by 19B0 the demand for PhDs in this area 
m^^y have stabilized to 10 or less. ^ 

* We.t\ow consider the humbers of master's graduates- per year. 

Some of thes^- graduates will fill jobs that make less use of their training. 

'Examples might' be in accountancy aspe*cts of business, and in assisting 
economists who lack mathematical training with modelling and statistical - 
analysis. We feel that if the baccalaureate in mathematicsi can be 
accepted as worthwhile by the. taxpayer, then an extra year "jto 'obtain 
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- TABLE VI • 

COMPARISONS BY THE;^ NATIONAL SCIENCE FOUNDATION AND THE BUREAU OF LABOR STATISKtCS* 
'"i OF ''EMPLOYMENT PROSPECTS FOR PhDs IN THE US FOR 1985 \ . 7 

Number of PhDs 





National Science 


Foundation 


Bureau of Labor 


Statistics 




Field 


Supply 


Demand 


• 

Surplus 


Percent 
Surplus 


SuppilfW 


Demand 


Surplus 


Percent 
Surplus 


Physical sciences 


. 85,200 


76,000 


9,200 


10.8 . 


118,700 


91,700 


27,000 


22.7 . 


Engineering 


63,300 


45,000 


18,300 


2*8.9 


80,100 


59^,100 


21,000 


,26.2 


Mathematics 
> 


21,600 


16.000 


5,600 


25.9 • 


31,400 


19,800 


11,600. 


36.9 


Life sciences 


92,100 


85,000 


7,100 


7.7 


137,700 


73,100 


64,600 


46.9 


Social sciences 


112,700 


71,000 


41,700 


37'. 0 


153,700 


87,100 


66,600 


43.3 



Source: Science, 191, 363 (1976). 
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the mkster's degree will not xoclTUnf boats. We therefore believe that 
no limitations should be placed o'n the ntimber of inaster 's candidates ' 
other than the supply and intere^ of suitably* qualified students. 
However, we refer the reader to section lr7 for important 'T^rovisos. \ 

How is the recent rate of production of PhDs, about 70 per 
year, to be reconciled with our recommended fig^xre of about 40 per year? 
There are signs from the enrolment numbers that a decline is develop ing. 
Changes in Canada's immigration policies ,\together with restriction in 
the awarding of NRC ^ants will ensure that the number of studepts from 
outside Canad^'^will decrease. Publicity on the^ lack of jobs, must hav^ ^ 
reached the students^ eat^ by now, and will undoubtedly show up in 
decreased enrolment by , Canadians. These factors, coupled with high 
admission requirements, will probably bripg the ritanbers into line. We 
therefore do not see J:he need to arbitrarily close dowri some graduate 
programmes. Nevertheless we do believe, that .there are -too many programmes 
s^offered in Ontario at^<J^'the present, and that sSme of the matginal^j^viable 
ones will not survive in the new climate. 

Re commend at i oif 1 • 



al^^vi 
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We recommend?^ that : \ , 
i)/ . the enr£>lment statistics -he regularly monitored by the 
discipline group in "the mathematical sciences ^ .and if 
. excessive fluctuations, either up or down, occur that 
remedial, action be initiated; . - , , 

ii) the nvpber of PhBs'in mathematical sciences awarded 
by the Ontario unj^versities total about 40 per year, 
with about 10 from each*of the four a»eas; 
iii). that the figures given in ii*) be reconsiderea for 
possible modification, at regular intervals in the 
* future ♦ 



7. Other rematks 



'A 



/ Ar virtually eveify university We visited, we were told gf 
financial const;raints , real or about to become so, and projections for 
the f dture concerning government grants that were at *J.east discouraging 
We heard that^ overcrpwdin^ could not be relieved > that new fields ^could 
nbt be b42gun, and tTEafweak fields could not be shored up with n^w 
approintments, Althbugh ifioney may not have befc th,e sole cause, we leaijned 
of some faculty discontent and mistrust, both with the central admini-- 
stration, and withiti jieparti^ents. t'* 

V If these financial constraints -develop further , -^here may 
be a tendency to retreat . into an Ontario isolation* We would deplore 
any attempt fo^et up a closed .Ontario syst;em.^ In the long run,* we 
believe* t'his course,. of action would-be a disaster tor Ontario. As 
we stated earlier ,• t}:>e mathematical sciences in Ontario have not reachjed 
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^ first-rank position ip the world, although there are several very^able 
and"a few outstanding individuals/ To aid further development JJ.t is; ' 
essential that contact outside Ontaric^be maintained, and pSrhap^ eyert^"^ 
strengthened. -^y-^ • ^ 

^ We were, impressed by the special seminar^ays, si^mmer s.chools 
and the visiting professor programmes that some departments have and by 
the Canadian Mathematical Congress. We encourage the retention of 
, sabbatical and other leaves to world centres. We urge that priority 
be given for the funding of travel to gonferencefi an<i for consultations. 
These activities would help to compensate for the lack 9f new ^Kjsitions 
and new buildings. 

^ -By the same token, we believe that -the admission df scfe^ , " 

'students from outside Ontario and from outside Canada will provide a 
form of contact ^ith the outride world that will also add to the develop- 
metit of mathematics' in Ontario. However, the numbers of foreign students^ 
should be relatively small, say up to 20^or 25% of the total. To-^chieve - 
th^SgoaX we have in mind, these students should icome from' a vari'ety^iof 
countries, and should, have some reasonable preparation and promise imk 
research' in mathematics. We have obseirved th^t some departments have 
the majo«:ity. of their students from one part'of the world, usually Asia- 
Some of these students are^ in their middle or l^te twenties on admittance. 
* We believe that programmes based on this sq^t of enrolment are not viable, 
and we Hope- that' a tightening of immigration and^jj^trance requirements 
with due attention to age will ensure that either these programmes die, 
or else become populated with a different mi:x of students. 

. ' " ' ^ ^ y ^- " 

The universities ifrOntarlo were sefe up as autonomous enti'ties " 
before the creation of the CdVincil of Ontarfo Universities. The reasons 

. are not easily discemable to us; thei^e are, however, obvious advantages 
to this arrangement. First of all, the ne*eds,of specific regions of the 
province can be met easily, and the "benefits offered by the siting of a^ , 

* university are decentralized.^ Secondly;, competition is possible that may^ / 
lead to the attainment of high^ standards as well as a large student body. 
Thirdly, the sense of being master *of one's fate is attractive to " ' 
faculty, students, and administration alike. Indeed, in the absence of 
/any financial limit, it may bp- convincingly argued that the creation of 
several in<lependent institutions is by far the best route to follow. 

The pattern in' Ontario has largely been duplicated in the 
rest, of the 'Canadian provinces. Some institutions 'that were nurttired fpr 
a time by older; well establishe^-oiniversities have ultimately a^ieved ^ 
independence examples are to be found in Alberta, 'Saskatchewan 'if and • 
Manitob^. Only in Quebec is there a multicampu^ Unrfrersite du'^^uebec, 
and even;:thi» system competes with several , other provincially supported 
, universities, both franc^ and •Anglophone. The situation is quite dif- 
♦<£erent in many highly populated states in the US, There, one state' 
university often has many "campuses ; ,examples ate California, New York, 
arid Minnesota. T^ere still' exist several important itldependent universities 
typically with private funding.' Some are. tending to be ahsotbed into 
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, State systems; *exainples are Syracuse and Buffalo.' The stat^ systeiu has 
some kind o.{^' central authority,' pejhaps^^^ coxntoog^ijoard. Althouf^ such 
systems may leaii to lack of comget i^t ±on , ^ some a-fbi^rarijiess , and eyen 
some 'sterili't/^ the^ can in prin|pl^e at Ifedst^ ratiohalipe, the offerings 

/and -arxange for .the total needs of overall oh j%o4:lves. /<) • . 

1 ^ In the preseTit •cliinate, it seems that cooperation between 
' universities In* Ontario must be fostered. Some Specific suggestions 
'on wayspQ achieve meaAngful ^^collaboratj-on in the mathfematical,, sciences 
^e.ma3e*in ^ection II:?^. J/ . * I . ^ ^ 
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; / . AREA Reports ' \ ^ 



CHAPTER II 



\ 



General/ Introduction 

-r-r 



■.( 



In preparing the f^ur. >area jreporft presented in'this chapter, 
we have relied' heavily |Dnvthe eonf ^^^iential reports submitted by, the ACAP 
a<fvisors to the iniSi^^Kl un^.versities* whose graduate programmes were 
reviewed. 'B^h w6 $mcl tti^ advisors also examined the factual* information 
supplj-ed to us by ACAP -before ^nd during our visits to individual uniyer*- ^ 
sities. However , ' the, volume of the data presented to us was far too great . . 

Tor extensive analysis. Moreover, we found it hard to interpret the 
fractional assignmentfe^rand^multiple assi'gnfaents o^^ individuals to areas' ^ , 
aSd'^^ubareas , even atfrer visiting universities. " . 

There'fore we have had to 'rely "on our own impressions to a con- 
^"^stder-able extent, gained in the course of reading and takTng notes on^^» 

published research, on d^sc'ussions wit4i faculty anc^ '^Jaduate st^ydents, 
,and on an »alrea^'existin| familiarity \^ith the research and scientific ^ / 
reput^ion of th^f acuity' concerned . ^ • ' *" ' 

fi^^ - *^ In our introductions to the four area' ceppi:ts , we have also*^ 

.relied ort the pr'^amBles of *the advisors ,Vbut ^av^ fr^eely enpr-essed' our 
own views, as we?l as modifying and: reorgjani^ng the preambles of the 
advi^rs wlien we 'felt this contributed significantly to clarity or to . ' " t 
coTl^stency b^wfeen the different ateas. " ^ - * 

^ We hav^ also tried *to correlate th^ area reports with the^ ideas 

(^d , recommendations presented -in Chapter I, at the risk of some repetition. . 
Finally, we have^ considered win|f especial care the responses of the upiver- 
sities to -the advisors' reports. * • 

2, ' Gf ouping of .universities . 

' ^ \ ■ •• • ^ . : • ' 

The bulkv 6f this chapter will ctftisist of our assessments of the ^ 
giradQate prqgVamii^s of individual, Vluiversities in ifhe four ACAP-specifie4> 
- arSas. Within each area, we arrangeS* our reports on individual universities ^ 
* into four sets, set A bedrj^the two universities vt-th large departirients, * ^ ^ 
set B being the older universities of eastern OptaAo, iet.C the older ^^^^ 
universities of western Ontario and set D formed of ^threejAewer universities:^ 
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A) , Toronto, Waterlao-' 

B) - Cal^Leton, Ottawa, Queen's^ 
C> McMaster, Vestem, WinSsor^ 
D) Guelph, Laitehead, York 




3. Some basic observations ^ ^ ' ' 

Before making our -fotrr indiyidual area reports, we also wish to 
restate briefly at the risk of repetition some general observations that 
seem to us to apply to most of these are3s. i 

.. > i ^ ■ 

'J.^ Over the past^ 25 years, there has been* a very large increase i4 the 
number of Ontario faculty members active in mathematicaijL research. ' 

This is beneficial in many ways, in particular because it has^made 
study^ abroad a far less necessary part of the preparation for a^' 
, ^ucces^sful academic care^er (but see paragraph 7/12). , : . * 

3. " Indeed, Ontario universities now have a capacity fpr training many 

. more graduate 'students than are likely to find jobs in Canada for whfch 
%this training is suitable. . - , 

4. Hebce we urge that the emphasis of graduate instruction and research 
be on increasing quality and relevance i the quantity ^should remain 
constant or be allowed to -^lecrease. ' * 

5. Specifically, b.arring unforeseeable future developments^, we^ue§tion' 
the wisdom of producing more than'^about. 10 new PhDs annually in each 
of the foqr areas in. question; except in cgmputer science, in* which 
only Toronto and Waterloo have PhD prograinmes, thi^^>^,ans that some 
existing PhD prog.rammesjwill not even p^roducje ooe- PhD per^^ear. : ^ 

6. Actually, tjiis seems consistent with turfent enrolment trends for 

^ >Cangtjdlan graduate students,, but it ,is far below the combined ambitions 
\ of all present' Pntario .faculty men^ers^and oniversity administrations, 
some of whom aspire* f oj|^ conti-nued 5kpansion. 

7. We and' the advisors have studd^ed* the size and distribution of NRC 
grants. 'They a^^pear tp achieve this purpose fo? which th^y were^^esi'gned, 

" by supporting eqjuitatly much wor^hwhile^research of quality and 

relevance. ' However, we urge d|j^t research projects be dissociated ' 
from PhD production.. 'As has ^Ri* explained in sectl^p 1-4, *faculty<^ 

* research* should be dissociated from the production of PhD' theses. 

^ ' . ^ - ^ 

8^. hold the 'view that research should be useful or interesting in its 

<• own r^ht, and that PhD candidates should be free to select research 
^topics on the basis o*f interest and relevanc^j 'and not because nioney^ 
■"is ava^laile for research assistants. This does not mean, howevM, * 
that rese^irch assistantships cannot be used part of the screening ^ 

* process for ^PhDs, or for reducing the burden on facurty members^of • - 
detailed., computation and literature searc^.'' ^ ' 

* ^ ' - ' . . / - ' 

91 Parfiqipating as a research assistant on an interesting and relevant 
cooperative st-udy yould enhance any career (e.g., High school teaching) 
for which mathematical training is required.* . .* *■ 
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10. We are of the* opinion that doctoral candidates should have passed 

the master's degree ^requirements with high distinction, after which 
they"^ should not ordinarily be required to take additional course work 
followed By written examinations* . 

\11. For the above reasons, we belieye that t^ viability of a^rad-tmte 

leclkure course programme should not dispero^^n-- the nmriser of docl;oral 
J candidates at ariy particular university. We think it inappropriate 

' to recruit doctoral candidates merely to justify <?the giving of 

r advanced specialized courses. Seminars at which lectures by students 
, take the plate of written examinations se^m to us usually better for 
doctoral carwidates. ' ^ . 

• ^ ' ^ - * 

To put the preceding points Xes\B formally ^ we would observe tftat 
the present economic climate has led to a Pacrge cutback in the number of 
graduate students. i Although this has been, a disappointment witll respect 
to expectations arid projections of the past, the lack of a' graduate student 
is not necessarily a serious loss tb a faculty member. Mat*hematicians in 
Ontario are fortunate in that they have iar^e numbers of creative -colleagues- 
are in general close to colleagues of nearby institutions and belong to 
departments which have programmes* involving distinguished visitors. They 
h^ve aiDple opportunity to engage in satisfying and fruitful research 
without supervigihg PhD candidates. • ^ 

^ Before getting 'd6wn to individual areas and universities , we 

oBserve again ^at, although we have conformed to .the format of a separate 
report in each of th^ feur areas-^ we emphasize that a substantial proportion 
of university research and graduate training should be ^j^nterdisciplinary , , 
* anc} d9es not fit neatly into any ,one area or even academic subject.^ This 
is true'^ for example, o^f sci^trtific computing and > of attempts to ma]^e th§ 
internal logic %of physical iptodels. mathematically rigorous. , 

12. A final question concerns the Q^tent to wA|h Ontario or Canada should 
have a self-contained ^^^tethematical ecosy^^m." We think that at 
least 60% of any graduate «t\ideat* bodv should have teen educated in. - 
'\ iCanada, and should.^chieve a master J sjdegree by'4ge 23 or 2A. Of 
jp^ course, there can alffb be people having work ^^xperience who need « 
*ffuf ther advanced training, (especially' in statistic^ and Computer 
science), but otherwise failure to atttract enough such graduate 
students 'must be accepted as a sign that a given graduate progrannlte ' ^ 
'is not needed ar ej^^en desired. 'On jBne other hand,' we* think that 
provincialism is a jeal^danger. Nojt only do we think it imperative 
that most PhDs he familiar with moif^e than one un^vBrsity^*eavlronment 
' (though job experience is ^ partial ^febstitute), but also that ar.- 
' ' ' substantial proportion of the professorial staff in -Ontatfc univer- 
• sities .should h^ve sojne pre- or j^ost-doctotal experience outside of 
Canada. Otherwise tlie sty:),d an^conCent • of Canadi,^ research might' 
gradually become too inbred. 
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A. PURE MATHEMATICS ' * 

Introduction . f . , ^ 

— T ; , ^ J* " 

We, take it fo^ grant'ed that before being admitted, graduated 
students in jtUre mathen^atics will ordinarily h^ve coiiipIeted*the equivaYent 
of a Canadian honour^ undergraduate. Goncetltration in some ar6a of tjie ^ 
mattiematical sciences. We see no re'jfson for dif feifentiating *stron^y 
betwee'n^ these areas at ^he undergraduate le^el; in.deed, /we 'think that 
undergraduate education should normally be ^regar^ed aS pTe-prof essiOnal. 

■ ^ ' . ' , r . \ 

Sufh students should*be able to fplfill master's degree require- 
metits in one year. Others ^^having to fill gaps in their undergraduate 
education jnay need more than ^ one year df graduate ecfuca^ion before becoming |f 
adequately pr^par&4^ either for outside emplt)yTnent or for embarking ot| ^ » 
research. Though we believe in maintaining uniform pinlrmijm sfcandards'^ 
we think' that a diversity of pat'tems is sound in education. 

^ Besides ta^^ing two or^ three graduate coursA in core mathem^ti^, , 
master's candidates j.n pure msithematics migTit well also take courses •in A 
applied mathefetics, computer science, and/or statistics if^ not already 
takep as ilnder graduates. In addition Ji^^e think that' electives' such as 
the 5lstory of mathematics, taken for inte^pt, or reading and researA 
courses taken in connection with the preparation of a^aster's thesis, 
should be encouraged for* master's students planning a careet in secpndary 
education., . ^ - ^ 

,We would hope that students with a master's degree having su^h 
backgrounds would be educated both in breadth- and depth, would be able to 
think for themselves and would tetain a keen interest in mathematics. We 
believe that graduate educat^ion in mathematics -s.hoqld ,be ^ stimulating 
experience '\and n'ot drudgery. ^ * 

Those students showing th^ greatest at^i^.ty*' and ifite^^W^ should^ 
b^ seriously considered as suitable candidates for a PhD, if'fflj^ sc wish.'^ 
"Such excep*»ional students will normally have ,v after passing with hMh' 
-honours three graduate .courses in core mathematics, a v^ry ftdequaAr ground- 
ing in advanced mathematics. Here we* nave in .jpiind 'the equivalent of the ^ 
PhD qualifying examination. in mathematics at a good university in the * 
United States. \ , ' ' 

We think that doctoral candidates should have passef the master^is 
degree 'requirements with high^istinction, after which they sliould not 
ordinarily be required to rake additional course work followed by wjl£ten - 
exanlinationsV At the doctoral lev^J, what fs required is evidence of 
origljiality and a promise o^ continuation of research." Hince, a doctoral 
dissertation which represents a slavish imitatiojj ^of the wotk of the thesis 
advisor- done. under much prodding represents no service to the ^tudent^and. 
ceirtalrjJLy «o Honour Co the .advisor. Besides, the inclusAoh of such 
graduates siipply adds a polluting factor to the cu^rrerit oversupply of 
PhDs. Because the prdspecfes. of '.obtaining ia p^rmangnt^ac^demj-c^position at 
a^university are poor, it is of particular importance that the graduate; 
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education. of the doctoral student should not be narrowly Qerrtred around 

the topic of- the dis^lerfatien. A broadly educated pure ma'thematiciSk v ^ * 
shoiold still be able to. obtain reasonable employment even though €uch ^ 
employment -will not usually m^e full use of his training. ^' ^ ' i* 

Tfn^ conanents foliowUng abserVaticm 11 in the general intro<luctiop 
to Chapter II and referrifig- to the ci>t^)ack'rft the niimber ot graduate student 
and' the opportunity to engage in satisfying and fruitful research without 
Supervising PhD students have ^special relevance in the area of pure mathe- . 
matics. ^ ^ ^ 

Jii^^lly, we wish td express our general 'satisfaction at^he 
higll^ standardly thsji have been, maintained ^ in awarding ^ndster*s and^octspral 
degrees at Ont^rip universities. We are not recoi^iending that any 'ufftvp^r-, 
si*ty now autJiori-zed to .awa^d these degrees be disqyalif iejj from so' doing 
'in the future. We' simply believe ^jpt the inexorable laws^ of- supply and 
deifiarid make the* achieveme^nt of even Higher standard^ (yet tvot -more onerous 
for -gifted -studentsJ^ mandatory for thff 'futiire. . / ' ^ ' • 

University' of Tt?r6nto - ^ 



The depalrfement of pure mathematics of the 'Uniyetsity of pronto 
hag a large staff with many ^embers of international reputation in 
various areas > particularly in analysis and in geometry. Jheret is con^^ 
siderable strength in a broad strectrum of mathematics such as topology, 
logic »^number theory^y algebra and different i^ equations. The overall * 
strength in algebra and nuniSer theory appears fco be b^low that of analysis. 

k * if * 

t - { 

The University of Toronto, has the oldest^^ and most distinguished 
tr^^itlon in. Canada in the training of mathematicians at the unjler graduate 
as well aq graduate level> ^^heir honours .programme in mathematics ranked 
among the best on the North American, continent. This i'^ reflected in 
the* outstanding past performance of Toronto underg^^uate mathematics 
honours. sj^,dents ^n the Putnam competition. Moreover, the graduate 'students 
ihtervfewed by our advisors* impressed' them, 'as defit^itely the best group 
th^y met in Ontario. Furthermore,^ theiu research seemed to be contemed 
-with important problems, ijD the mainstream of' |[^athem^ties. Because of this,, 
we tl>ink that the Toronto faculty ^in pure mathematiiis could give traiiltng 
of high quality to more Canadian gVaduat^ students, and produce as mafty 
as 5 PhDs .per .year. ' ' S , . h ^\ \ » , 

An effort shquld.be^^made to centralize ^nd-improVe the mathematics 
housing by constructing^ a n^ boiiiding perhap;s^* similar to. those kt . 
Q^ieen's and" Wat*rlob/ whens' all the mathematical sciences are^ ujfdei: one 
roof. Well-planned physical plant , greatly •facilitated communication! * 

' ^ Finally^ we thi^rik tha^ Toronto could m^ke greater u^e 'of J.ts 
fa'cuity* resources if it -reviewed objectively: (a) the con^ctions between' 
the"'\^rious fields b'f pute mathemaBfcs, with*' an eye to maintalninjg' a *^ 



healthy balance between these fields, (b^ the extent to'whJ.ch specialization 
iQ desirable at the^ master's and doctoral levels, (c) the* balance between 
undergraduate and graduate peaching effort, -and (d) the extent. to which ♦ 
the. four areas of pure mathematics, aip^lied mathematics, statistics and 
computer science should interact. Such a review, tkough time-consuming, 
<ould help ito maintain Toronto's traditional excellence and would be 
helpful to jail the Ontario universities. - ^ . - *^ ' <k • ^ 

. .•■ • • V. . ' ' ' ■ N* 



Recommendation 2 



We recoTitoend that; 



i) the space available the mathematipal sciences be increased 

and centralized; , ^ 

* .ii) 'the MSc and- PliD programmes \f the department' should be 
continued; 

lii) about 5*PhDs in pure mathemAtics" per year should be produced;, 
iv) the whole progra^e of grarauate work in pure mathematics 
' . should be recohsidered within^ the department, 

Un^ersigy of Waterloo . „ „ ^ 

The University of Waterloo has a large staff ^in pure mathematics 

distfibute^ ovy many fields. Its greatest strength is concentrated in 

the Department of Combinatorics and Optimization, some of whose members 

havA -an established international- rfefmtation* I-his component of the ^.. 

staff is one^ ^f t^he stro:ngest of its kind in the world. In the other 

fields of pure mathematics, we f ind— cons ide liable strj^ngth in thos^ parts 

o^ functional analysis concerned with functional eqtiations occurring 

in 'real and complex analysis, and in those Which relate to applied 

mathematics through probability and* information theory, Itfork in these 

areas is further ^promoted by ^a continuous ^tream of visitiors and the 

publication of. an international journal de^j/oted aliaost entirajj to the 

theory of , functional equations. In ^ddi*ijDn the staff ^jptitains a'vei^ • 

active group working in, algebra with particular emphasis otj. category 

theory, logic an d^ universal algebra. ' . 

^ * 

The cjepartmei\t has attracted a substantial number of. graduate 
^students who tend to work mainly in the ar^eas described above, ' We found 
most of the t^^ses' produced to be of reasonable- quaj/^y, ' However, some 
doctoral theses were almost exclusively computational in nature with litftle - 
significant theo^eti*cal ccyitent. While fully recognizing ^the intporf ^nce , 
and difficulty oi confciratorics (as in classical number theory), we feel i, 
feMt every doctoral ^thesis pure mafhematlcs shouLd^be organized^ £^chW^^ 
clearly stated theoretical ^qu^stions. ' We rec<)gni^e the importance of^^KRh ' 
level comput&tiotr. f or re^eatch in comblAatoi;i<;s/^ However, we think that this 
kind of research assistance* can oTt^/be provi^d by students** wi*i£ing 
naster^d ^th^^es. <.,^ 

Irt View of^ the^ize and qualil^y of the pure mathematie^^taf f 
at-J4aterloo, our general recommendation cohceming the afarket for P^jPs ' 



(10 per year in pure mathematics for all Ontario universities^ together) 
may bear especially heavily on Waterloo^ 'Nevertheless, we think that it 
should ,be taken very seriously/ We especially urge that decisive steps v 
be taken to avoid prematrure averspecialization,. perhaps by course require- 
ments or a uniform qbalifying examination in pure mathematics which jnust 
be passed before students, are accepted as doctoral candidate*^ 



Reoointdendation 3 " ^ ' 

^' recommend that: ^ 

i) there should be a ^uniform quaiifyi,ag ex^inafion for intending 
* % ^octojai candidates in pure mathlWtics includiog those in the 

Department of Combinatorics aQjt^ Opfimizati^n ; 
iiV the MHatl^, MPhil and PhD pro^r^J^^es continue to strengt>ierjkheir 
minimuiB-^standards ; ' , ' ~ 

iii^ ^bout three Pt^s per .year should be projjuced in- the pur^ ma'the- 
, , tjjatics areja at Waterloo. ' j» > . 

. ^ ^• ■ 

Carleton Unxver^ity < ^ '> . 

* ' y 

Carleton University has a large ^nd reasonably well balance^d 
sraff of pure mathematicians. It is particularly strong in algebra and \^ 
related subje'-^s such as number theory and geometry. In addition the 
department kias* sonje-'trnts-tanding afTalysts work-itig^ in potential theory and - 
classical analysis,' which nicely rouftds out the activities in the other 
mdre abstract ar/as mentfoneS. .. , ' • 

The staff appears to be an enthusiastic and- veryj. active group;, 
moreover it shows a great deal of initia-tive in supplementing Its research 
prpgi:^mmes -with a stgady stream .of distinguishe'd visitors spread over ma^iy 
areas of^athematics. The algebra days organized by^tbe department, are^ ^ 
now a firmly established activity of the department arid contribute sub- 
statvt^ially to fhe. intall-ectual life in the Ottawa area. 

Since the start (some six ^e^^s ^ago) ^of-a gradu^ite 'pro-gramp^e 
leading to a doctoral degree, the' department \as deve'loped an honouss 
undergraduate programme of high quality and bneadth. This help^ to ^ 
provide an excellent base of courses for the graduate programme. ^ ^ • 

' ' • Helped by' its location in Canada^ c^ipital, the department aeems 
to be , "able to attract an ^equate number of qi^lified and gifted students. 
The overall" quality of the dodto^ai tlf(^ses w©^ examined was higt^ if not . 
outstanding.' ^The .jnorale o^ the. students we interviewed was, good, and 
mest of thjm were happy with their decision to go to Cai^l^on»Unive^sity 

- far theiijjaduaue work. We s^e no 'special problems in mdintai,nin^ an 
effectiv^Sgramme .in the near future, if the proviniiad gove^ment 

^ continues to support graduate work 'at the pres^ent Level. 




Recoismendation 4 



We recommend that': , 
i) th^ fJSc programme continue; d ' 

ii) abqut one PhD a year ^hould be produced in the pure mathematics 
area '^at Cafleton. ' " <-r " 



University of Ottawa *' ' ' * 
/I 

' The University of Ottawa offers an attractive and broad programme 
of courses %Xi pure mathenlatics. It is bilingual, and therefore aan play 
'a special role in servicing the needs of French-speaking students. This 
seeips , to be especially valuable for ne<^ students^, although all of the more 
advanced students we talked to could understand English without trouble.* 

The staff was' enthusiastic about a new master of arts programme 
for mathematics teachers • (MAT degreej) . .We think that it^should be a major 
part of the department'* ^aduate programme to meet whatever n,eed there ^* 
is for well trained teachers of math'^matics who will teach in French. 

h 

The theses produced in tWe master's programme, largely by foreign 
student^, were^ of» acceptable qual/ty. Our advisor? .considered the (Joctor^l 
theses 'to be substandard. The number of doctoral graduates over the last 
ten years has been so small tha^ continuance of -the programme is becomJ.ng 
q.iiesfe*ionabI^.' ^ This seems \>f. especially true^ because of the lack of ,a 
group of ou\:st^nding matheifiat/cians in any'^ohe ' f ireTcr.^~?'rnce"~there are' 
||rery few Canadian graduate s/udehts or undergraduate honifurs students 
in mathematics, we** see no.rjsason why this situation shoul4 change. 



francophone Canadian populat^^ produces more 
id arc able to do mathematical re 



Possftly, .if XX 

young people whp wish to^ and arc able to do TnathematicalT^esearch of good 
quality, 'the si tuation ymight ^J^mprove . , But we found only on^ such stjudent 
who was entering a dobtoral progrannne. His prospective t^iesis advisor 
is a mathematician from France visiting Ottawa for a year. The student 
expected^.<r£Sv go.- to Paris to complete his studies. Hence, while the hope 
is laudable ,^ an?d while no other. Ontario university can perform this 
specific rolfe, Athene is a strong onus on the part of tlie University of 
Gtt^a to show thar it can attract sufficiently^ many Srench-speaking 
students of high ^nough ca'libret The attraction of such students is 
It becauser of the competition f^m well established 
e prpvince of Quebec, especially the' Universite de 

- ■ ■ \ . 



especiall'y 'dif f i 
universities in 
Montreal. 



/ 



^ Under/ present circdmstances we seriously question the viability 

of the doctoral programme' in pure mathematics. While it should be allowed 
<o "^otitinue for a further V^wo years, the programme should- then be externall; 
appraised. /' * * , ► • 



% 



9 
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geconfe^ndation^ 5 ^ < ' 

We recommend that: * 
i) the proposed MAT progaramme shouJ.d be "dSe^^e loped 
if) the MSc and MA programmes 'sfiSuld' continue; 
» • tii) tWe doctoral programme' in pur;e Tilathematics should qpntinue 
for two* yy^ars after which its viability should be sltib ject • 
to external appraisal. 



Queen's Uhfversity ' . - ' ^ ^' . 

Queen's University has a large and veil balanced st^f in pure 
mathematics. Thus it has a /very active group working in the ^j'eas of 
modem algebra, notably in commutative algebra^ algebraic geometry and 
number theory. These activities have attracted many visitors from Canada 
and abroad. During the last three years ^ the department has ccmducted a 
summer programme which is loosely referred to as Queen's open h(ouse for 
algebraists. We observed that* these- activities have contributed s,ub- 
stantially to the^raduate ^Irogramme. * ^ . - * 

There is also a \^de-ranging strength 'in tunctional'/analysis 
which extends from operator* tlieory with applications ^o physics and 
the mathematical foundations of ,quantum mechanics and differential 
operators, to areas in pure fuTictJ.Onal analysis such as measure and 
integrafion theory, t;h^ theory of normed linear spaces and the theory 
of Riesz spaces.' , " , 

The department has a-^lbng tradition going back to the days of 
Professor R. L. Jeffery in the training of mathematicians at the under- 
graduate as well as- graduate level. The programmes are of excellent 
quality and breadth and should certainly continue at their present ^level. 
Indeed,^ it seems e&pecially t-rua at Queen's that the staff could capably 
h'andle a larger number of qualified graduate students. 

The depar.tment is housed in a new buildii>g on the campus^iifcied 
after R. L. Jeffery; it^is the most functional building housing a mSnematics 
department of this slfze that we have ever seen. 

^ , ^ ; : ' ^ • ' ' 

Recommendatlotr^ ^ ' ^ ' 

We recommend that the MA, MSc ' and PhlX programmes should < 
continue at\their present level. - / ' * 




That of the University of Waterloo is *much larger^^^^ and Toronto would 

also need a considerably larger buildihg.' 



ERIC 
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^ McMaster University, 



.We now turn to the universities located in western Ontario, other 
than Waterloo. . ^ 

The mathematics department at Mcl^aster University includes a 
large highly- expert group 4.n algebra, especially in universal algebfa, 
where a measure of international reputation has been achieved. , There are 
also a few specialists of recognizee quality in other are^5, notably in 
topological vector spaces and combinatorics, but the overall research 
effort in these area's, while acceptable,' does not have a compai;able 
international reputation. ^ 

The number of graduate students' is large (about ,20 doctoral 
students and 10 master* s studentsj) and the department t^as no difficulty 
in accommodating this number. Partly^ because the undergraduate programme 
is broad and of \\igh quality, these s'tudents have a good ran^e of courses 
^from which to choose. The number of foreign students is small ,^ but during 
the last few years the .department has been experiencing greater difficulty 
in attracting qualified ta^adian students. ^ 

^ The majority of the dottoral t^eses which ye examined Ve re, . 
understandably, in the area of .algebr^^ , Their overall quality was 
acceptable, although we did nc5t see^ any.whiqK we could describe as 
really outstanding. The sam^ remark ajiplies to the quality of the master's 
theses. ' " , % * . 

The students we int^^iewed were on the whole content with the 
education they were receiving- Of course, they expressed their /^ars ab(Oug 
the prospect^' of ^ obtaining a position in the academic world* "The depax^t-. 
ment would, do wefll -to look into this matter, and .to see whether they could* 
change^ part of the student/ s training oven into areas of applicable 
mathematics such as statistics and computer sci^^ce. Likewise, the piire 
analy&ts should 'try to establish closer relations with the applied mathe*- ; 
mati^ians. Unless some* positive steps ate taken, we thinly that jLt will b6' 
dif-ficult to maintain a lively and .vital progtamme in jHire analysJ 
'McMasteir. ^More generally, wfe think .that, steps should be tat 
and'.de^pen the training of the pure mathematicians, and that 
theses should be fewer and of higher qual^y. ' 



RecQmmenj.atit)n 7 




We recommend thit: 
i) the MS c programme should contHhue ; . ^ 
^11) steps ^should »be taken to make the ^analysis section of the PhD 

pttgrainne more in lirfe with current interes'ts and • appll,cation3*; 
iii). subject to (ii) the PhD programme eihoulcJ contin\ie aiming t,o', 

prpdyce one or -two PhDs per year.' " . ^ 
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^ University of Western Ontario ' - • " " j ' 

- ' ^ There is considerable baSic^^ttr^iifeth the mathematical sciences 

-at the University of Western- Ontario. Thus' tRe-'^mCer graduate hormurs 
ptbgramme. is of high quality, and graduates of this' piragramme ajs^ well 

' prepared far graduate work. As a isesult, little additional effort is 
'required' to'maintain ^ good master's prograiqme in pure^ mathematics 

".Mareoverf it is a policy of the ^niver^ity to have a -majority 
„^f^its graduate* students tSP^an. Hence, there is not the domination^ 
oj the graduate class by"f oreigrT. stud«ait£_which we h^ve at some Ontario 
universities, although foreign students form a large part of .the graduate 
eXudent body. ^ ' . . 

Howewr, we foresee a^nuinber of difficulties in mainlining' a 
".good tioctoral programme. First, it- should be jr^QogTiiz^ that the main 

research strength of * the department is, in classical analysis and this-. 

largely *in one narrow afea^, pamely, summability -theory . There is also . 
^ some s^rBn.gth in -algebra. As a result of this limited cove^^^^the ^ 

doCtoVal theses tend to be Ajn imaginative and technical. ^In fl^Pj most' \ 

df the theses W£re in some aspect, of summability or in semi-group o^ 



automata thepry/\and alT of the^gtudents we interviewed were wcyking in ^ 
these' topics', a * . . W / . . ' 

' Stated anpther' way., there are only, a few* senior facihLty members ^ 

ijh6 have strong research reput,ations , and these are concentrated in two or^* 
three very limited fields. Unless the research capability^ of the fac!ulty 4 . 
can be. Substantially broadened, wfe questibn.its ability to attract 'eabugh ^ 
qualified graduate, students in the future to maintalm a viable doctoral - ^ 
prograngie. The bullc of'-the faculty is young*, " about one'tjiird of^th^se 
-being non-^tenured. ' To broaden ther doctoral programme, it <would be necessary, 
to appoint sevA-al more strong' ifesearch mathematicians, which appgintm^nts would 
'prohably lead to ^,reduftion in'th^ humber of non- tenured staff, 

*^ 4 it would also *be helpful to"foster cooperation between jiure and ^ > 

apipiied' matiiematfci'ansi which has .been poor in the 'past. We were told that 

\ attempts are jnw being- made to resolve, thfe underlying disputes in a satis- ^ / 
factory way. 'lf«J:his can be donei applied mathematicians whose , interests 
include theory could^ help ^considerably in bolstering the doctofal programme 
in pure mathematics. ^ * ' ^ . * ' ^ 

-J ' 

Recommendation ^ . - ' 

We recommend that: ' • ^ 

iX trfe MA pVograrame should continue*; . / ' » ^ 

ii) efforts should be made to broaden the PhD^rograrame. In the 

mearttimethe prbgramme should continue ftJr two years, after 
. ' which its -W-'ability should be reappraisecj externally. , - ^ - 
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University of Windsor 

The faculty of mathematics at the University o£-Windsor is so 

small that, to compartmentalize its activities into four areas hardly 

^akes sense* It has -rlost ^Krough\etireTnent its only dis tingviished 

Senior pyire mathematician. . Although this member was not ^active ^in sup^er- 

^^ising doctoral theses, he was largely responsible for upgrading the 

undergraduate honoxirs programme, which we find often includes a good ' 

nucleus of courses suitable for a^master's programme. 

* • 

'Qtherwisey the faculty of pure .matfi^m^tics consists of a small- 
number of young mathematicians^ all of1i»ftrhom have tenure. Itence a^acancy 
for a senior man seems unlikely In the near future. 'Although one member 
of the faculty^ who npw provides leadership in applied mathematics feould* 
also be. capable of supervising a thesis in 55ure' mathematics , ve doubt 
whether this is an adequate basis -for an official doctoral programme. . j| 
Indeed, in its whole history, Windsor has had Only three . doctorates Tn ' ^ 
pure mathematic^, and only one thesis supervised by -a present faculty 



member. y 



Moreover we wonder bgDW many Canadian graduate students will, 
elect, or be well advised,"* to "plitsue doctoral 'programme irr'pure m^th&- 
matic^& at the University of Windsor. ^ j^or.the abOve reasons, we wonder 
whether a cantinuing' doctoral programme * in pure mathematics will be 
viable there. ^ . * \^ ^ * 



Recommendation 9 



We recommend ^at the PhD pro.^rari^ 4n pure i^iathematic^ be 
reappraises! fo.r its Via^bility^F^jfer two years, along witH ' 
•those of the* University of O.titawa*' and the Unive'tsity- of . 
Western Ontario'. " . 



University of Guelph , >» , " " 

The ^University of Guelph has a programme for an MSc Ip. pure' • 
^mathematics and* a qualified staff, but no students. In view of this lack 
of students, the faculty member^ were'-interview^d regarding their attitude 
towards graduate work. * There appeare4 to be no strong-;coij$ensus. Two or 
three members wer^->enthusiastic , some would be happy to participate, and 
some were j.ndif f erent . Some of tKe indifference centred .around the valid 
contenti'on' thaJt an adequate p^r^jR^raiijme of courses cannpt be offered without 
a reasonably large body of students. - ^ • * - * 

* " 1 * ' 

However, some graduate students in statistics (section. IlrC^ 
expressed a desire for a broader progrartime in tlie mathematical sciences. 



9 



In view of .^this,. we wonder TS/Wether it might not bfie best for 
^ Guelpj^to offet a single set of courses mathematics. a1? the master's 
level, empttasizing , statistics^. iff some graduate student taking this, pro- 
grairane happ^ed to qualify for an MSc in pure ©^them^tics, his degre^ 
t .could b^ar this pj^le. 

pafllph has^no current plans for a doctoral programme ;^nd this 
'i€ as it should.be. Therefore no special recotnmendations seem called for. 



l^akeKead University, . f 



r 



" Because' of "d't^ geographical remoteness, Lakehead University has ^ 

very special problems, for example" achieving contact with mathematical ^ 
collogues' and with' distinguished visitors available to tl^e^universities 
of the populoij^ part of Ontario ^Because of the small size of it-s staff 
and pro^r^inmes we wonde^ how d'esiTablaAt is to compartmentalize graduate 
- matlTematical instruction at lakehead mto f our^separatfe areas, 11 c6ncQri\ 
^Ireadv expressed for Windsor, York and Guelph. ^ ^ 

^ ^ As things sta^d, ^Lake*head has a group af seven pure mathematicians 
There is ^'some strength in the areas of point-set topology, measure and 

.■integration theory and geometric * Banach space theory.^ The* research effort 
in these areas j.s Velnf creed ' by the work of staff members in the applied 
mathematics group injthe theory of dif fere^ftial equations and numerical 
analysis. ' ' f ^ 

Since the-.Stai't t^f Lakehead University, the_ mathematicians 
' have developed an honours undergraduate programme . This, programme is ^ 
now. firmly estab^^sK^d a?id appeals to be well balanced ,in breadth and 
depth. It forms a good base for the restricted master's programme in 
Which the whole department is actively engaged. The-3taff unanimously 
^ seated that the graduate programme was of great importance to them. 
^ -t " , ^ 

jM||tever, the programme seems to be unable to at tract^^suf f iciently 
many Canadjp students. For ^instance , the six incoming students this 
year /ar© foreign ,witl^ one exception. In another 'dj^-i^tion the programme 
seems to have iiXtle appeal to the high school mathematics •teachers in the 
afea. In fact, the teactfers who would like to a master's degree prefer 

the easier cj) r re spon den oe programmes offered by other universities in 
Ontario,* such ^s the University^ of Waterloo, and which as a rule do not 
require the studerit^to write a thesis. . ^ / * ^ . 

• . Despite th€;^e^ dbstacles^; the staff has successfully educated a 
small number if gradijate students. The master's theses we examined were 
• *on the whole well written* and in areas of math^ematics o.f current interest. 
In fact, the quttity of some compared favorably' with those produced- at 
other universities in Ontariol , * • • ' - * " * , * . 



The master's programmQ in pure mathematics at Lakehead is 
Currently reptriqteii to the areas of , logic and foundations, topdlogy 
and geometry y real and complex analysis, and functional analysis^ Since 
the staff has grbvm to the point that they are capable of offering a 
reasonably broad education in pute taathematics these restTicfibns become 
artificial. : « ' 

/In order to make the' present programme more flexible and competi- 
tive, as regards attracting Canadian fStudents , we .recommend that serious* 
consideration should be given, to authorizing the -department * to offer an 
unrestricted programme at th^ master's level in mathematics, and to allow 
the department to award tbe".mas,<:er' s degrees by cx)urse Kork, or by thesis 
as warranted. Some emphasis on numerical analysis would be appropriate. 
The department 'could submit a new proposal along these -liifes for appraisal: 

i ^ ' 

Recotamendation IQ . ' 

We recommend that Lakehead University should Ue encouraged 
to submit for appraisal a programiB^ for a master's J.rf mathe- 
matics unrestricted in' scope . and cevering a degree* by course 
work or thesis. • • ^ * 



York University - ' ' • • ^ ^ , 

York •University has only an MA programme in mathematics. Moreover 
the staffir^g of the courses for this programme 'is uneconoMcal because its 
courses have a small enrolment due to the small number of undergraduates 

majoring in mathejoa^ics. Part of the reason for the latter is t|iat mathe- 
matics is in the Faculty of Arts and is housed in an arts building. The » . 

•sci^ence buildings are. physically removed by a considerable distance and 
hencjB the tendency is for the various science departments! to offer their 
own mathematics cours'es. Perhaps the shifting of, the department to faciliti 
physically closer to the science faculty would enable the department to 
play a rale commensurate vjith its. resources . 

Actually, its resources are considerable. Ifi the area of combina- 
torial group theory it *is the strongest dUPtrtinent in Ontario. It, also has 
strength in classical analysis and also considerablje support strength in 
other areas. At present ^thi"s talent ±s not used to the utmost\ * 

• The departm^t should certainly be' allowed' to maintaj.n its MA 
programme, and ways and means should be explored for the department tb jnake 
better use of the talent available. * If -possible,, , the department should 
try to arrange witfh Toronto and other neUrby universities for some of its 
'members to participate actively, and with recojgnition , in their doctoral 
programmes. Several of the faculty at Toronto and Waterloo ^flked* this idea, 
and many of the faculty at York expressed a strong*desir^ to act as thes^^ 
advisors if such an arrangement could be niade. 
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Recomaendation 11 



We reconnnend that: • \ ' 

i) 'the MA programme should continue; 
'ii) special ef^yKis sho^d be xaade to involve York facility in ^ 

the supervision of^e^earch stu^nts at other universities, 

especially the University of Toronto; ♦ \ , 

iii) the location ' of . the Department of IJathematics yls-aWis the 

Faculty of Arts and other faculties and colleges should be 

reviewed by the IMiversity, 



V 
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B. APPLIED 'MATOEMATICS. ^ • ' * ' 

L^troduction • ^ ' 

# 

* T 

Four important interrelated considerations underlie our 
di'scussion of the area of applied mathematics- The first is the 
dlfficuit?y of defining with any precision what -cons tijtutes applied mathe- 
matics* The second is that, under any reasonable definition, much work 
that is proj^rly regatded as app4>Bd mathematics takes place not in^ 
mathematrcs^epartment-'S b^ut in other departments, notably of physics 
and* engineering. Thirdly, 'there is oyerlap, an'd indeed there should be 
much more overlap, with t^e other'ACAP areas. Fourthly, although the 
gre'at historical triumphs of applied mathematics have been in the physical 
sciences, and these types of 'application will sure^ly remain of great impor- 
tance, there has been, in recent yea^s , a ^large expansion the range of • 
applications of mathematical ideas and this poses a great chalJLen^e to 
applied mathematicians. JWe begin by discussing these points in. a little 
more detail. 

V 

Essentially mathematics becomes applied when it is used to 
solve problems in the real world "neither seeking nor avoiding mathematical, 
difficulties'^ (Rayleigh) . Because the same mathematical, technique may.be 
applicable ^in many different fields, a good training in applied^mathe- 
matics should be aimed at producing a versatile scientist. Yet all branches 
of mathematics are potentially applicab-le, and indeed once one application 
is found for a particular kind of mathematical idea analogy will often ♦ 
suggest others. * Thus the mathematics first introduced to describe in 
highly idealized form con^petition between species (predator - prey models) 
latfer turned out to be central for nuclear reactor theory, where it has 
become very precise and sophisticated, and has applications' too in operations ''.^^ 
research. Thus, potentially, applied mathematics covers an enormoi^ ^\ 

area, being coextensive in one sense with quantitative thinking, la 

this brpad sense, the area lacks unity and is much too large to be>covered^ 
comj&etely in any one institution. ^ ^ 

Further, many applied mathematicians study technique as 'such 
in at least some of their work,- and. in this resp'ect might be consi4#red 
pure mathematicians. To draw any r;igid division between ACAP areas is 
wtong. One of the dangers of the subject , however, is the specialization 
of arid exercises in technique, divorced from real applications and yet of 
no lasting significance as pure mathematics, and we regard .genuine involve- 
ment in applications as crucial for the health of ^y applied mathematics 
group. , • 

Applied mathematioBlrork, including the supervision of research 
students, 'that is very directl^^concerned with particular applications is 
often ^found in the department of ^application,. While in our visits to 
universities we heard much of such work, we were not able to assess it in 
any systematic fashion; see isection III-6. This means, in particular, 
that' our recommenda'tions for individual universities inevitably cannot be 
as detailed as for tl;e other areas. ^ ^ I ' ' 
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Until fa^Prly recently, the greajt majority of applications of 
mathematics have ^concerned the pRysical sciences, either iri^cl'assical > 
continuum 'B^hysics , -relativity and quantum theoi7,,or in applications 
to aeronaujiics , chemicsl engineering, etc. llaere are , ' howevei , new 
challenging probl'«ms requiring applied mathematical vork arising in many 
other fields, for infetance in earth and planetary physics (includit^ 
meterology oceanography, etc.) , ecology, genetics virology , biochemistry, ^ 
neurophysiology, thieoreti^al psychology, control theory, systems analysis, 
operations research, management science, business and economics modelling. 

There are several implic-ations of this broadening. Fi,rst some 
'kinds of application rema^in active and exciting for fairly short periods, 
10 years or /o. Because a faculty member may/be active in his subject for 
30-40 ^ears, it. follows that an app^reciable proportion of applied mathe- 
matiics faculty must be prepared to change their main fields of interest, 
possibly s'everal times. Continuous reappraisal of topics of interest is \ 
required. The area will not remain vital iX -departments of applied mathe- 
Duties consist largely of self-perpetuating groups. 

^ Secondly, while we appreciate the importance of the traditional^ 

fields of work in applied mathematics, the employment prospects- ther^^i''^^ 
severely limited and we s.t;rongly bel^ieve that the training of applied 
mathematicians should be more deliberately aimed at the main employment oppor- 
tunities. The recen^ distressijig decline in the number of applications for 
graduate work in app^^iecJ mathematics is probably connected with students' 
appreciation of the limited job prospects. -' 

Connected with this, and for other reasons as well, some changes - 
in subject emphasis seem, called for; The traditional topics , such as. 
ordinary' and partial differential equations, asyinptotlc expansion, etc., 
remain important of course. Iti addition , "however , links with computer science 
and some of the newer topics in pure mathematics nee6 fostering; further, 
some knowledge of applied ^probability and to some extent statistics will often 
\>e required by the appTied mathematician. Irfdeed, the fairly \(>idespread 
separation of statistics and computer science from mathematics has weakened 
applieci mathematics internationally. >tathematics jiepartments are the^elves . 
^largely responsible for this separation by their failure to support these 
subjects adequately when they first became vigoroys, ' " ' p 

Although our information about programmes in other departments 
and faculties is incomplete, we believe that applied mathematics pro gramme 9^' 
which emphasize applications ''demonstrably beneficial to society will / 
flourish most in the next decade or two. For one thing, students taking 
them will have better employment prospects. Such programmes might we^Jl be 
given in cooperation with engineering departmetlts , iust as st>me cun^nt 
programmes emphasizing questions in theoretical physics would benefit from 
joint supervision with physics departments. Further, we'questio^r the need 
fpr more than one doctoral programme in Ontario centring around/general 
relativity. " ,/ 



Finally we note that the ab.ove discussion has important implica- 
tions for phe teaching of mathematics tt students of other departments'; '* 
see also section II-C on the teaching of statistics to such students. 

While* in maay of the universities we visited, there was clear 
awareness of so-called modem applied mathematics, we feel 'that the full 
^Implications of a broadening of the role of applied mathematics have yet 
to be implemented, , in Ontario^ and elsewhere. ' 

"We copclude the general dis,cussit)n by a nuiii>er of b'rpad ^ 
^Recommendations . ' - 

Recommendation 12 , • / \ 

We recommend that: 
i) there is a * general* need f or ""reexamining the .role of applied^ 
matjjiematics ; ' v \ ' 

ii) further, there will^'be a need for continuing reappraisal, / 
^^with attention to research and training in applicatiqns JijiilTh 
good employment prospects in Ontario and Canada; 
iii) , to ensure genuine contact with applications much greater uie 
I of interdepartmental appointments is desirable. \ 

The 'Coleman report is also relevant to our general remarks (see 
section I-l). 

''We now give our .comments* on individual universities. 



University of Toronto 

i 

The University of Toronto has 29 equivaletit full-time faculty 
members in applied mathemati<j:s. . There has been considerfib'le doctoral 
thesi* supervision in this area, some in cooperation with computer science. 
Thua in 1970-75, there ^^ere 16 degrees awarded: ' 8 in applied analysis, 
2 in classical applied mathematics, 5 in mathematical physics, and 1 in 
modern applied mathematics. However, there has been a*'dramatic recent 
decrease in the nuni>er of graduate students, and the staff's instructional 
'efforts are now mainly devoted to undergraduates. 

We surmise that this decrease was due to the academically oriented 
emphasis' of the programme, and we note with approval recent concern with 
the modelling of tidal energy* Thik development seems consistent with 
Toronto's response to our advisors' I report ; that it. was because '^the main 
'applied mathematics' apf/fbach" at ethe undergraduate level was supet^i^sed 
by the Engineering Faculty, and because ^'Mathematically able students wh6 
do not wish to follow, the abstractions of. pure mathematics have turned in 
incr^sing numbers ^at the undergraduate level to the^new i:hallenges of 
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computer science, or . . . such disqiplines as economics". Moreover*, the . . - ' 

.regpon^e continued "ttitil recently, applied mathebfitlts doctoral students 
were required' to 'satisfy' precisely the same comprehensives as all pure 
mathematics students, and although a 'measure, of flexibility tms now been* • 
i^tif^^uced y -the pure mathematics demands on applied' mathematics fs^ti^derits 
arje still consifderabLe. Thi©^ is a deliberate policy of the department, 
and h^s definitely acted as a control .on the niimbfer of students in applied ^ 
mathematics that could be considered for admission to the Department; ^it - 
' also implies tfeat the students' who do come concentrate' more naturally in 
*areas such as maChematical physics. Those with a Veal interest in inter- 
disciplinary 'studies involving mathematics have tended to ga to th^^ other . * 
department, from which they availed themselves^ ^6f both undergraduate and . , *** 
graduate courses offered by the Mathematics Department".* * ' ' 

If TPironto wishes to foster a strong graduate' programme in applied 
mathematics as such, we^ suggest that it form an Interdisciplinary committee" 
composed of distinguished * faculty members sympathetic to this idea, whose 
mission would-be tp reassess the programme and to define its focus more 
' clearly. Such a committ*ee should include a statistician and a computer 
.scientist, becaaase applied mat^matlcp, involves these two areas^ We ^ 
urge .that the Depa^rtment of Mathematics give this committee a free* rein 
and moral support. , , , ' , ' .^^ 

^ % ' ^ : ' 

Recommendation 13 " \ ' * ^ 

■ 

We recommend that an internal interdisciplinary coimnittge, 
sympathetic to applied mathematics, reconsider Toronto's ' ^' 
' r.ole in this area. Such a copnittee might well recommend 
the formation of an independent department. 

* ^ 

University of Waterloo • ^ 

•The status of applied mathematics at Waterloo has some features 
in common with that .at Toronto. Both cfffer master's and doctoral pjograOTies 
in all four ACAF-defined fields: " (i) classical applied mathematics, 
Xii) mathematical physics; (iil) modem applied mathematics , 'and (iv) 
applied analysis. There. are 26 full-time students. Most activity in 
continuum tn^hanics is within thfe Faculty of Engineering. 

> * » 

Also as at Toronto, there is an emphasis on applications to 
theoretical physics; indeed there is an espfeciaj-ly large and active group 
in relativity ' theory. There Has been a similar repent decline in graduate ' \ 

' enrolment. ^ r ^. / ' * 
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Quotation^ taken from a letter from Dean -A. E. Safarian,.. School of Graduate 
Studies, University ^of Toronto to Dr, H. H. Yates, Executive Vice- 
• Chairman", OCGS; dated December 16, 19?5. ^ . 
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, * ' Another' special feature is the "inclusion, at Waterloo, of a 

distinguisned and well' integrated interdisciplinary effort in quantum 
chemistry. -Here strong usfe is made also .of computers, in cooperation with 
the "Department of Computer Science, and the -effort seems to be affiliated 

'with' the Guelph/Water-loo Centre for Graduate Work in Chemistry. 

Thus, at Waterloo as at Toronto, 'the gradu'ate programmes centre 
around applications to are"^ of pure science in which there are few non- 
academic job opportunities. A difference is that, wfiereas the emphasis, 
at Toronto is dn maintaining strict admission requirema|(E?s , at-Waterloo 
there seems to be a definite intention to rel^ax sueh requirements in an 
effort to double the enrolment. 

We would feel more comfortable about this proposed expansion in 
gradiiete enrolment if we had a clearer projection of job. opportunities in 
industry, government, and academe for the master's and doctoral candidates 
•to be trained. * - ' 



. There is another dif ference ; -at Waterloo , applied mathematics 
is very largely independenrt -of pure mathematics. 



Recommencjatio^ 14 



We recoippend, with the preceding consideration^ in mind, 
a cont'imjtation pi- the MMath and PhD progtammes at Waterloo, 
byt with inc*reased emphasis on areas in which there exist 
non-academic job opportunities. We also recommend that, 
in the near* future,^ new appo^intments be made of* faculty 
whose research is c6ncemed with sijch are5s. • / 



Carleton Univ^sity 

y - Whereas the activity of applied mathematicians at Toronto, Waterloo, 
and Queen's has been concentrated around problems of theglretical physics 
(especially general relativity and quantum theory)^, ^ and hence belongs to 
pure 'rather than applied science, the activijty at Carleton centres around 
problems of information' and systems engineering. 'Hence it is irfore "applied'* 
in the strict* sense of Being of ditect value to workers in industry and,- 
government 'in th^ Ottawa area. Though it is not yet as distl^gui^^hed 
scientifically as the efforts^ a,t Toronto, Waterloo or Queen's, we think 
its >further development, shojuld be encouraged, with additional staf]^ 
appointments if possible. ^ • ' \ . , 



Secommendatipn 15^ • 

We 'recommend that: 
i) Carleton University cbnt^nue to develop its interdepartmental 
MSc programme in Information and Systems Science and examine • 
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ii) 



the possibility of a coopferative programme in this field with 
th^ Uplversity of Ottawa; - ^ ' ' , 

the areag in which the PhD aif'applied mathematics is offered 
be more precisely defined. y. / t - ^ 



* ♦ • 

. ■University of Ottawa ^ • 

/'Thf University af Ottawa offers master s programmes in all four 
ACAP* fields,, and offers a doctoral programme ixi mathematical physics and - 
applied analysis. These programmes haye not be^n successful in attract- 
'inf ' many Canadian students in the p^st, and we dpubt.if they wi'lT in the 
immediate futi^re. Hence no great loss would be Sustained if the University, 
of Ottawa had no doctoral programme in applied mathematics as suqh. * 

We consider fhe contemplated development of a new programme in 
mathematical physics, in cbmpetitiotr with tfe^ e^tablisjied programmes at 
Tor.onlo, Waterloo, and Queen's, to be especial'ly^ ill-advised . On the 
other h^ndj^th the vast nufaber of federal government employees who 
might profi^from ^aduate study j- tKe University of Ottawa has a natural 
advantage over most other Ontario universities for the development of a , 
good graduate programme in mathematical economics.' In addition to supplying 
'students, the government might well provide interesting problems for * - 
thesis ffVojects. Indeed, it is possible 'to envisage many go^mment 
employees being part-time students, and successfully completing combina- 
tion^ of work-study programmes. ' * 

* ' •%» 

In- our interviews, t%e departments of mathematics and economics 
both showed an interest in developing such a programme. We and the advisors 
befiev^ that this University should be encouraged to do th:f.s,"even though* 
we are awara that another ACAP group has recommended^ against such a 
development. , " . - > 

The University of Ottawa is developing an interdepartmental 
programtae in gefieral systems and information sciences, a programme that 
thus far. has attracted three student^'. It would seem advisabl'^e to have some 
amicable coordination between this prograitane and the similarj|||^gramnie at 
nearby Carleton, avoiding undesirable duplication and maintai^Kg common ^ 
standards to prevent Gresham' s Rule from degrading both j^rogrammes. If 
this can be achieved, the obvious enthusiasm t^at the Ottawa "staff and 
students h'ave for the programme would cause our advisors to endorse it 
for appraisal. , ' ^ 



Recommendation 16 • . , 

*~ . ' ^ ^ I ' 

\ 'We recommend that the University of pttawia be enrf'ouraged: 

i)^ to develop an interdepartmental MSc programme in mathematical 
economics; v . - . \ 
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ii) to examine the possibility of a coaperativ^ programme in 

the field of information and sys'tems science wit*h CarletQn 
yniversity. ' j j * 

Queen- s iJhiversity • 

There are 12 faculty members' act lively engaged in research in 
appl ied' mathematics , and as many gxaduate'-students. The coope.rative pro- 
gramme in control theory with electrical engineering seems to be the" * 
strongest and most clo&ely knit effort. It is the onry programme of its 
kiifd in Onfario. Control theory is an importaii»t ^branch of modem applied' 
mathematics having direct applications to tiedinology and significant implica- 
tions for pure mathematics'. 

f , . 

There is also a wide-rangii\g graduate prjogramme in quantum theory. 
Both programmes seem to be on a high level of quality tut havW few graduate 
students. Thus, they conform to a pattern which we thinllf is quite reason- 
able for Xhe future, for ^programmes not correlated with jo^ op]5ortunities . 

We suggest the f>osslbility of broadening-efhe programme in 
control the6ry, even if only at* thp master's level, so as 'to -prepare - 
students for non-academic jobs. We would also Suggest closer coordina- 
tion at the graduate level with computer science, having in mind the fact 
that training in applied prPgrairahing may be very helpful for men know- - 
l^igeable in (mathematical) physics who»are seeking non-agademi^^ jobs. 

Likewise, we suggest that the promising interdisciplinary efforts 
with biology (including STATLAB) be given greater visibility by being cross- 
referenqed as part of the applied mathematics effort. 



Recommendation 17 ' , * 

•We recommend continuation of the existing MA, MSc and 'PhD prograiranes 
in applied mathematics at Queen's llniverslty, but with i.ncreasecL 
emphasis at the master's level on applications associated with 
> non-academic employn^nt opportunities. ' , 



University of Western Ontario ^ 

The MSc and PhD programmes in applied mathematics at UWO are 
supervised Ky sixteen faculty members. These faculty members have on the 
whole remained active in research «fVer the years since they joined the / 
faculty, ali(J have produced a steady stream of research publications, ^ 
some of .high quality. Several enjoy international reputations which \ 
reflect credit on their university and the province of Ontario. The 
graduate courses make up a strong MSc programme in applied mathematics j 
'We noticed no significant gaps. Both the quantity arid ^qualitV of the research 



output are good, particularly Ui continuum mechanics, related applied 
analysiV, and theoretical physics (e.g. positron annihi/lation and ^lasmar 
theory) . * . . ' * 

We feel that the staff should continue its strong MSc programme 
.in applied mathematics,' with an occasional PhD. But it is unlikely to 
realise its full potential until certai^n deep-rooted problems within r 
tl^'lji&versity 'Western Ontario are resolved. In palrticular , the 
futurp' organization ot mathematical physics, and theoretical physics 
within the University is under review as a conse4uence of^tke recent 
ACAP physics assessment. Certain tensions seem- also to have been 
generated hetu^en the Departments of Pure and Applied Mathematics, 
The University adnrinistration is aware, of these problems and has formed 
two internal committees to study relevant aspects of them. -We hope that 
these commit-t-ees will make positive recoiipendations 'for applied mathe- 
matics at UWO, and will take into account tha* get^ral observations made 
earlier in Jthis 'report-. J 



Recommendation 18 

♦ We r'ecommend that the University, of Western Ontario continues 

its strong programme in applied mathematics, turning out an 
occasional PhD. Any pther recomraendHtiohs mx^^t be deferred 
^ until after existing" committees he.ve succeeded in resblving < 

interrial problems. . ^ " • , 

% 

University of Windsor - , ^ ^ , ^ 

/ - 

I There are eight facul.ty^ members engaged in applied mathematics, 
almost all in ^tiie mechanics of solids and fluidsxpr in applied analysis. 
The group working on. the mechanics of solids^is unique in Ontario; although 
mostly concerned with "ideal" solids, it appears tc5 cooperate well with, 
the D^artments of Civil and Me'chanical Engineering. There are about ^ 
10 graduate students, and the doctoral theses hive been -good, in the 
mainstream af current research and read by distinguished extetnal- experts. 

Recommendation 19 

V . , 

I * "I 

• We reconmiend a continuation of these programmes, but with an ♦ ^ 

internal review \n the near future of non-academic employment 
opportunities for graduates of the doctoral programme. 

University ^of Guelph^ ^ * % " ^ • • ^ ^ , 

The Department of Mathematics and Statistics has so f^r 
'attracted only one (part-time) gi^aduatk' stud'eni? in applied mathematics, 
though the staff could easily mount ah MSc programme. We suggest that 
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a programme emphasizing applicati'ous of mathematics and st^^istics 'to 
agriculture and biology might well attract students and' be unique in 
Ontario. In mpst areas, it would be\ difficult ^to compete with nearby/ 
Waterloo. ^ u * ' 

No specific recommendation seems called for. 



>Other programmes • ^ 

s No other ^radua^ programmes in applied mathemat^ics as suclY * 

were called to our atteati'on , although several existing degree programmes 
discussed in other sections ^ould be construed as having an .applied com- 
ponent* 
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C. STATISTICS . ■ 



Introduction 



This seQtion^of our report deals primafny wl^b connuents'^on 
individual universit ie's ' work in statistics. \ » * 

In out opinion > a , heal thy faculty grci^ stdtistips taust be 
igivolve^d in research and have gcfod contact wltK appJ-lc^iat?^,. That is % - 
necessary ' for liyely undergraduate teacl;iing if v for no other reason. 
Whether it 'is necessary to hav^ doctoral stuilenGs, or ev6a specialized 
graduate- courses , is less cl^ar; with intelligeijt use of the opportunities- 
for inter university collaboration, -a group could be active and 9tacoes%tul 
in research without graduate students. We have 'discussed this Import^t 
matter further in- se.Qtion I. - ^ ■ 

We reco^ize ^ useful nourigid distinction between* applied 
pro^bability 'and statistics;* the former; deals with .the study o^. probability 
models arising in the physical and biological' sciences operations researcl^, 
etc., whereas the latter Is* primarily concerned with the analysis of data, 
and the design of investijgatiorfs . With some exceptions,' we note a sur- , 
-prising province-wide weakness the fortner. ^ 

As with other .^kinds of application pf 'ir'athemfitic^] ideas, close 
coiielaticn between theory and application is vital in sta^tistics. CMd • , 
applied statistics goes together v^ith a ccncwfe for nev^ theory; ir.athejnatic^i 
'Statistical theory t^.at is not ultkiiately motivated- b> or re]iet€;d to any ^ 
•application is likel> to be, ari^d. For this reason we have not followed 
the ACilJ^P subdivision of statist^ic^j into five or x^iore fields (matheinatic'^l 
statistics y ap^ied statistics, etc;). In any case^, to .have done so 
would have invaryea dealing V/j th ver> small numbers of^f acul ^^^i^ any ' 
irsritutjcn. . * - ' ' 

' ^ As noted again. in sectior} Iir-6\af our report, the consultanjts 

and advisory on their visits were abl^e ^to oee-t faculty fto^ other depart- 
tnents but* not to make a systematic assesspient of statistical work' outside , 
the mcJtheiti^tif. or , statistics departments. Certainly fulll appreciation - 
of the ^QX\^ in statistics on any campus would involve examination of WDrk, 
in many other de.partments : economics epidemiology , physios,* law,- agri- 
culture, etc. / ^ . 

* We believe that statistics has a good future in Ontario^andi , 
generally, essentially because as' w^ll ks already Established types of 
application, there remain many problems in industry,' agriculture, 'govern- 
ment and tile professions with an a-s yet unsolved or unrecognized major 
statistical component. -For that reason we believe that the effective.. . . ' 
demand for statisticians with'a graduate qualification wi-11 persist §hd 
probably Increase, provided t-hat statistical training achieves a' satis- 
factory balance, between theory and .appl;Lcation. We found some tendeiacy n 
*to consider a master's programme In appli^S' statistics to be'^ less demand- 
ing tha'h one tn 'mathematical^ statistics , and this we regard as a dangerous 



viej^. * Good work in applied statistics'^aearly always ^alls for miTch more 
thaa mechanical ap'plioation of prepackaged* methods.* ' ^ ' ' « 

♦ . . 'It is important ta dis-feinguish between- the role «of 'master ' s ' 
progcammgs.as a pxrelijninatry . to doctoral work ^d as a terminal prepara'ticnT ' 
for applied work» For the latter purpose, a programme taklj:^g^a weH:^^ 
<iualified student* tvj^lve months of work should normally inelude a thesis 
^orTa^^o?^project , and 'th4 prograimne ^Uauld be planned to lay the foundation • 
for ultimate independent work oS high'standard in ,an appliexj subjey^t* 

There are a number 6f exceptionally able statistician^ and 
*prob*ab"ili;sts In the'^prgvince' s universities. On the other hand most of ♦ 
the instituti,ons ^contaio also fac,ulty e)f uncertain quality^ inactive in' 
research and withqat compensating' special strengths, so far as we^dould 
'judge. . ^. ' ' ' * • * ' ^ ' ' 

, / ^ . The numbers and qu^alities of the graduate student bodies in 
statistics- varied widely and sometimes '.puzzlirigly betweerV, institations ^ 
We' can only speculate *on the reasgns for- these va'riatiops . - ' 

Some^grganizational problems , . . " , 

; Ttier^»>are three wprld-wide problems in the organization of 
^tatis^cal yorks in a university': \ • 

a) how should the sefvice teaching of statistics l^e handled; ' • 

^ ' -» - ^ ^ 

b) , what -arrangements are appropriate tor discussion qf'-anci joint 

work in the applications of statistics as they arise ir^jthe 
V ^ ^research of faculty and .graduate studerit*s^ in other departments 
on the/c^^pus ; ^ ^ , 

should stati^tjiclans be within a department of mathematics of 
in 'a separate aepartment or in several departments . ' " 

Except^ in so fat as gtaduate cdurses are conCeipied, problem • 
(a) is outside our terms of reference. Nevertheless the subieCt is so' 
"important that^we make some cqmmeilts% Similar , remarks are ^relevant to 
'^oomput^r science; and to the teachin^g of rflTatheipatics^ 'see section 11^ * 
Statistics can be taught to a^tudents in a* particular fde'ld by^variout 
kinds of teachers, listed. beTow in decreasingli(ord^r of preference : 

- ' i) a statiS'tlc'ian W,ith 'a substantial experience of applications 
tn that- field; , ' ' . ' ' ' ' 

, . ii) by a worker in ti||e fieH.with a sound knowledge of gtatistical 
technique and .in clo^e*i^tey.ectual contact with' statisticians; 



« iii) 'By"a statistician" fain!p.iar 'with other applications, but no^ 
. ' \ special knowledge clps^ to the fieki iti question; ; ^ 

iv) * by a pure theorist not involved in- applications; 

v) . by a yorV:er in t^e field ^ijth ah inadequate knowledge of ' 
statistical id^s. / f ^ ^ . 

While, mu|Hhust' depend on Xhe merits of. the individual teacher, 
we regard (i)'. as i^al^^ (ii), ia^d :Uii) as, normally, entirely satisfactory, f 
(iv) as ^ipr, and (y) as potentially disastrous. . \' 

One^^ol-u^ion is' tfeat of joii\t appointments';' it is of course 
essential that people so appointed should get f^ir promotion ar^d tenure 
treatment. Another p'bssiWtlity is that o'f . ^pointment to a central ' • ' . 
statistical gr pup w.ith specif fc'^tommitment to applications in'^one ox more 
fields^ We recognize that . f^om 'the point of view. of departments or > 
faculties having to give up scarce resoiftrces to support a central statisti<!al 
group it' may welrL'be -financially mo^e immediately attractive to retain the 
teaching within their own de^partment. ' -Very afterrt^ howevef, we "Relieve that 
maintenance of ' academic , standards and ^verall efficiency will favour central 
appointments and we trust; that deans will give' this point' fair consideration. 

These remarks have relevance to areas other *than statistics..^ They 
are relev^nt^^so to the second b^oad problem, that of statistical consulting. 
We were yerylB^d to see that som6 Ontario University statistics groups 
have fonnally^Stablished subgroups to c^y out collaborative research' 
with\jaculty and .students *in o'thei^^ departments. Such groups should 
^e strongly encouraged. They provi'de excellent ti;aining for' students , 
motivatidn and stimulation for faculty 'and s^tudsan^, oppoTrtuijities for. 
campus^ide communication cand integration *as w^ll as contributing to their 
immediate objective. We 'consider it exttemely iwRortant that even if 
such h^lp is loosely o;rgani^ed a^quaCe financial &u|i^ort should be granted. 

. *^e final general problem is that of the siting of statistics 
groups within a department of mathematics (see section III-9)*' That siting 
may, but need not^ lead to .such difficulties as the insistence on criteria 
for degree^work that are totally appropriate for pure mathematics but less 
universally applicable in* more- applied fields, and to similar emphasis in 
considering faculXy recruitment and promotion' and in the £ype of reseiarch 
•that is highly regarded. "Tt\ere may also be a 8ou|?what lukewarm attitude 
to collaborative work, with other departments. . Provided these difficulties J 
are controlled, ^we see soli(K advantages ta Statistics biing in a mathe- 
matics department with a suljstar.tial degree of autonomy ' over graduate 
work. If there is a group of vi>ble size and calibre-, and such difficulties'* 
cannot b^ resolved, a separate statistics department is normally to be 
preferred. - / ' 
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University of Toronto ' * 

We consider that major changes of organization, are required if 
-"^ statistics ^at Toronto is ^o play a leading r ^g - ^flf the provin9e. ^ 

We were very favourably impressed with the graduate students whom 
we met. Further the group has an outstanding supervisor of research aud 
a number of' other faculty of great ability. ^ 

'• We consider, however, that* the range .of research topics for 

^ students, should be broadened and that the links b.etween worl^ in theatetical 
statistics and in applications should' be ^strengthened. We note that 
a surprisingljr high proportion o^*the group 'have a poor recofd^of pul?lished 
research tsee Figure II, Chapter I) . 

« 

A report has been pr^epared by Professor. D. B. De^ Lury on the 
future in the University of applied statistics and of the Institute of 
\ Applied ^Stattsfeies (the report was not avarlable at the time of' the visit' 
^ by the a^v^lsors and consultants). jWe agree wifh the analysis in the report; 
indeed mefty of the points would be very widely applicable to universities 
throughout the , world. .We 'agree iA particOlar with the conclusion that the 
Institute must either, expand 'o^r cease to exist in *its present form. We ^ 
do, ^however, recommend very stroagly that,the future o'f applied statistics 
should be cohsipiered iii-*the conte^^t of st^Tiistics as a whole, and that 
greater merging of theory -and appli-cation should 15e achieved. ■ 

The setting up of a department of statistics is on^ possible way 
of attaining greater unity and sense of purpose in rtfe BtSttBtl^l work 
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at Toronto; the formal organization is less important than the clari|^^ 
tion of objectives.. ^ ^ 

The^statu^ of probability is sometimes advant^ as an argument 
against the ^ ins'titation of a separate xi^partm^nt Q^<^tatlstJ.cs. This 
is unconvincing. Aliihough ^strength in probability is required iif both 
|)t2re .mathematics and statistical group^s , there are m'any examples* of 



^ Successful col 
s't^tist^Lcs er 



laborative arrangements' involving probabilists either in 
in 'mathematics de'partments^ ' - i r 



Comprehensive PhD requirements need. review. Als^o there should 
be a regular statistics seminar Involving collaboration with York Univ^sity. 

Recommendation 20 ^ - • , ' 

We recommiend that: • ^ % ) " ^ ' 

• i) there^* should be a reorgaivizatipn as soon as possible of the 
v..^ whole of- statistical work in the , university; ^. 
ii} in the meantime Vh6 graduate programmes should continue; 
iii) , there .should be a reguj-ar statistical seiainar invdlvin'g 'some . 
collaboration nith York University. " ^ 
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University qj Waterloo ■ 

The Department of Statist ics ' at the.lJniversity ol^aterloo is a 
large, busy an^ productive group,yi?ith intelligent graduate students who 
think highly 6f their faculty. Its prograiY^^^&^oy strWtg^and imaginative 
initiative*, and a^ sensible balance betweeif .theory and application. The 
faculty contains a nUmber-of strong, highl;^ able people, but .its'quality 
is very uneven. * ' , ^ . ^ ^ ^' 

' •; ThS%*e is a large subgroup of the f'apulty doing research on 
various aspects of health and ageing. ^The organization of experimental 
work in the Faculty of Mathematics is* unusua^. and lead§ to a basic , 
difficulty ; " that of maintaining hjCgh intellectual stan^ajds for a group 
of researchers not in intimate £ouch with tjieir '*home" departments of ; 
biochemistry, etc. ^ ^ 

" ' / ' . ' ^' ' , 

^ At the time of gtir visits there was /some vW^akness in probability, 

pure and applied. Although t^is'i i^ important, if * new dpf)ortunities for . I 
faculty appointments arise, additional strength^ in the th1&0ry"of stat^ijticS 
should be ^sought. ^ a 

The organization of intrauniversity - cons^ultitig wbrk in statistics 
should also be strengthened, and proper academie credit given for such 
work. - / . . ' - , ' 

Because of the strong biological work at the University of Guelph, 
there should be increased collaboration with the statisticians there; a 
jointvcolloquiuin including in addition, HcHaster .'and Western, should^be 
considered. - ' ^ , / * ' V • * 

Reco mmendation 21 

1 t 

We recommend that: , ^ v * 

i) current graduate programmes should be^ continued and developed 
^ in the way proposed by the university; 
ii) arrangements for "consulting** work with other departments 

should be strengthened; there should, b^ increased collaboration, 
- in particular with tjie University of^'Gu^lphr and other nearby 
universities. , ^ ' ' ' 



Carleton University 

In general we found high inor^le, among- both 'faculty and students, 
-an impressiv^ prograsame in many ways, and intelligent,* energetic planning. 

* On the other hand, the l,evel of faculty scholarly quality is , ^ 
uneven. Ther^e is excellence in probability, in sample "surveys , amd in some 
other areas of statistics; elsewhere in statistics, we find less vigor 
in the cbricerned faculty members. We ur^e renewed attention to quality 
in future decisions -about appointments^ 
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,There has been careful thought and planning*^ about relations with 
the federal government. Clearly such connections have been fostered, and 
ii> way^ we jud^e likely to be beneficial to all concfern^d. Specifically, 
the nascent cooperative programme, and the institution of sessional lecture- 
ships, seem to us excellent initiatives. A strong statistics appointment 
^ri- related areas would surely be helpful to all concerned. 

There should be increased collaboration with the statisticians 
at the University *Df Ottawa^ both over graduate courses .and for a joint * 
seminar. ' ' 

^We are concerned at the apparently weak s-tatistical- and probabilistic 
content of the "MS c programme J.n Information and Systems Science. Th€ 
programme has been favourably appraised fairly recently and we do ndt 
^ recommend another extei^ai examination for the time being; intern^ review ' ^ 
-of this aspect is, howeve'r, called for; see also the/compbter science 
report, section II7D. * [ ^ ^ \ 



ReconnnendatioVi 22 * * 

7: — Z : „ * ' - r - 

• ^ - - ' . ^ ^ ^ 

We recommend that: ' . " ' 

i) the MSc and PhD programmes continue in accordance with the 

university's plan; 

ii) the cooperative programme 'should be strongly encouraged; 

iii) the rale o^ statislTlx^^-and probability in the MSc in *Inf ormation^ 

and Systems Sc^fice should be given 'an internal review;- 

'^iv)' there should liilf increased collaboratioh with the statisticians 

at the University of Ottawa,' 

' - # 

University of Ottawa * ' 

^ The new probability and statistics group" at the University of 

Ottawa is small and so far without graduate students. It consists of 
'two statisticians with theoretical slants, one with an applied slant, 
and two probabilists ; fox its course structure it relies in part upon ' " 
a shifting set of visitors, lecturers ^from outside, and help from other 
segment^crf the faculty'. ^ 



single visit. The group as*a whole. is ^ot yet strong, buth^s promise. 



It would be misleading to, judge the grotAon the«basis of a 

trong, buth^f 

Leadership and direction are uncertain. We recommend "thafthe group be 
.^e^examined in two or three years, with careful preliminary documentation. 

Relationships with -Carleton Un:^versity are properly much on the ^> 
minds'of the Ottawa group. We rei:ommend fostering and extending those 
relationships in probability and statistics. It is important also that 
the statistical group in 'the Department of Mathematics keep alive 
connections with other groups ^n the University, notably in biostatistics 
and management science. 



.er|c 



Recommendation 23 

We /Teconnnend that: ^ 
' i) th^ programme of the groap should be appraised within three 
ye>rs; 

ii) there should be. increased collaboration with statisticians 



-at Carleton -University. 



I 
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Queen* s University 

^ The facti3tty in statistics at Queen's are of good quality; they 

are proceeding in a thoughtful, steady manner. . ' 

The STATLAB provides a Valuable statistical 'sifervice that might 
well^ be imitated by other universities. It is an integrating force for the 
statisticians and -it provides educational opportunities for the students 
and research nytivation for the faculty. We hope that ihe University will 
give strong support to its development. , • ^ ^ . ' ' 

^ We are surprised p.6t5^to find more research in^obability despite 
Queen's Strength in neighbouring areas 'of mathematics. 

There are not, and have not been, many doctoral students in* 
statistics. To avoid discouraging' good students witjh 'keen^nterfests in 
/applicd'bie statistics, the statisticians should advertise their strengths 
more widely, and the* depa^ment should revise its' breadth re<|uirement^. 

The statistic^ group forms a coherent, leffective set with high 
morale and with good connections to statistical activities elsewhere on 
campus. There should-be serious consideration of more autohomy for this 
gfoup. The possibilities rangd from, a separate departments, through a semi- 
autonomous division of the Depaijfment of Mathematics, to such mild (yet • 
important) moves as the sh^ft in teqdirements* mentioned a!5ove. 



Recommendation 

We recoraiifend that: 
i) present . graduate ^programmes shpuld ^edtTtThu^;'^ 
ii) the STATLAB shodld be -strongly encouraged^ 
iii) the breadth requirements f or, ^"He «PhD sKcjQld be reviewed; ^ 
iv) tne statistics -group should have maflre ^tonomy. 



HcMaster University . #^ . 

' \ C ' I • • 

Probability and stk\istic§ a.t Mcl^aster are regrettably fragmepted 
among the Departments of Mathe^tics, Applied Mathematics, and Clinical 
Epidemiology and Bit)statistics , *with a PhD obtainable only via the Depart- 
ment' of Pure M^hemati'cs. Sharp' differences of vie\j were appgjfent between 
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individuals in these groups/ Jt is essentia^ *that thes€f differences be 
tesolved an'd that a considerably more unified approach t(/ teaching and 
research in^ statistics be adopted; students and faculty in^^all groups will 
suffer until this is achieved. We do not feel that it wcjtild be right to 
offer more specific -suggestions on the<basi§^of our brief visits. The 
difficulties are partly but not entirely , eitplicable in terms of^lashe^ 
of personality, and the choice of the appropriate individual or individuals 
to lead statistical work- at McMaster is quite crucial. 

As in many other Ontario universities, faculty quality is very 
heterogeneous. Only a few graduate students were*.available for interview 
when we visited in June; they did not appear- strqng. MSc theses were of 
satisfactory quality but narrow in scope. * ' , 

The Department of Clinical Epidemiology and Blostatistics 
has been very successful iu its search for funds ?nd for space in the ^ 
medical complex. A statistician of internationally broad repute Has 
recently been appointed and brings impressi\\e • strength. Assessment of 
the academic s.trength of the work of the* group as a whole is outsidi^our 
terms of reference. ^ t . 

■ Recommendation 25 * ' - y 

We recommend that: 
•i) there should be a reorganization of statistical work into 

a 'more unified fo^; ' ' . ^ 

ii) there should be an external reappraisal of work in "prorbability 
and statistics within. three years; 
iii)^ in the jneantime tll^ ^present joint MSc'^rogr^amme. and the PhD 
. in probability under .pure mathematics should continue. 



University of Western (^tario 



The University of Western^ Ontario 'has had a graduate programme ' 
in statistics fof many years. While it has some sources of strength, ws 
feel that the programme lacks coherence and that the standards of thesi'S 
work need review. , ' * ^ * - . ' 

Many of the graduate courses listed -in the calendar appear not 
to be offerred in any, given- year ; also' there se'ems to be no-substantial 
•course in probability, a serious weakness at the doctoral Level ^'aijticu- - 
larly. y 

■ i ' ^ ■ ^ - .• ' 

The programme is' split between two departments (Mathematics and 
Applied Mathematics) ; innovative teaching of elementary statistics %seems 
to be primarily in the So.cial Science fentre. A consulting service exists, 
w§ are glad to note, btj^ it is not yet firmly enough established to be a * 
\ substantial unifying ediicatioi^al influence. * ' i . ' • 
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In the recent past, nfe^arly all doctoral theses have *beeu super- 
' vised hy the same person. Many of them seem not to have led •to publication 
in leading journals and we were dissatisfied w:|th their qualify -judged *as 
a Whole. Jfe^e are not/ satisfied that th$ best use of faculty resources has 
' been made. There is ^Substantial scope for increased collaboration with 
other universities- / . " . 



. t 
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Re commend ^tjpn 26^ " ' V "~ * 

* We recommend that there , sho^uld be an externaT appraisal of * 

the whole 4>rograimne to ^examine , in particular, the criticisms 
listed above. ' / • ' . 

' k - , ' 

University 6f ^Windsor « , . . »^ ^ 

* The probability and stati^«tics group at the Universin:y of Windsor 
has good morale anci generally sensible plsns. The group rieeds' at least 
two strong rese^rclj^oriented additions to maintain a doctoral prograinme, 
and of these at least one should have a serious commitment to applicable 
statistics- With that, the group will form a' small, but coherer^t, division 
within the Department of Mathematics, ^ . 

There a-re' nunjerous and lively professional interrelationships 
with faculty in other , departments. Joint work with the Industrial Research 
Ijistitilce - now beginning ^ should be encouraged and 'developed. - We note 
also an impqrtant demand for part-time graduate work in stati^tic^s. w'We 
talked with four graduate s^udents^ and we received a generally -^fSlthough 
not uniformly -»good impression, v , ' 

A major criticism is that apprfrerrtly inadequate 'ties and 
cooperation with other univefsities . The Windsor faculty complained. , of ^ 
its ^isolation in. one c6mer of the province, yet Waterloo and Western 
Ontario are not that distant • ^Perhaps more to the point, W^yne State 

. i^ nearby, and the University <^f Michigan ^is tfot far-away. We recommend 
closer cooperation yith nearby \institutioU3 in bothffeanada and the US. 
One device, found^seful at othej^ 

^ays with invitations lo all ne^ 
from the university's reply to t( 
these lines is being taken. 



Ontario univei;sitiels i^ that of Statistics 
:by statisticians. are glad to note 
le ^advisors' report th^ action "^long 
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Recommendation '27 ^ 

commend that: 
i) additional research-orients 
ii) the MSc and PhD programmes 
.iii) additional contact with oth^ 
and should be developed. 



appointments are essential; ^ 
ild continue as proposed; 
universities is v^ry * import ar^ 
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.There is a small master's prograimne that shotild be coiitinueifl, 
fostered and better advertised iTi'view of the healthy atmosphere generated 
by the appl'ied research carried Ojgt the University. >fasttr*.s theses , 
are of h'igh quality. \ 

The^ excellent seminar me«ta often. "Censideration should, however, 
be given to organizatipli o^ a joint 5tatistic^l colloquium with McMaster, 
Waterloo and Western. I ' . ^ - ' 



'"'Guelph is sfed to be the^ third largest Canadian university in 
total volu3H&^v-©^ overall research. Clearly there* are at Guelph m^ny research 
, and' professional opportrpnities for its statistics faculty and students. 
The faculty now do a lot of intirac^ampus consulting for which they' should 
receive apprecfatio^ and credit. Interested doctoral students' .from Waterloo 
might wfell be encouraged to work with Guelph faculty, especially on agri- 
cu-ltural ahS biological problems. Biological statistics^ should be developed' 
to a greater extent. - \ . * 

' • ■ . ' J • . ■ , 

Guelph is weak in probability. Given the research in progress 

around the camp"us^ the next f acul ty-^^poin tment should preferably Ije in 

applied probability, or biological statistics; •streng.th in research should 

be an esgenft^ial requirement in the person appointed, 
f 

RjS commendation 28 * * , ,^ 

. ^ t ' , /' 

i ' We recommend that: 

i)* , the master's programme continue in ^ccoi;dance with the university's 
pi art^-.J____^...x^ 

.ii) there should be emphasis on biological- s tatistics ; ^ 
iii) a new faculty appoint|ndnt should put strong emphasis on 
research and tjjat the fields of applied probability and 
biological statistics ^are particularly appropriate; 
iv) an interuniversity seminar shiOlUld be institutecl. * 

York Unlvej'aity ^ ' - . ' 

/ ^' , ' \ ^ ^ ' • ^ • ' . ♦ . 

The iforale at Yoxtt wdis low "at the.tim^ it was visited* because ^ 
ctf a recent increase in teai^ing load and the imminent departyre of a 
valued colleague fot an assistant prof essoi^ship, elsewhere., ' > 

I 

* ThelYork faculty has special strength in probability; although 
there 1^ some I valuable work in collaboratibn v^ith the Institute for 
feehavioural Research, there ^.s ^a seriolis general weakness in statistic^* 



Only a mast^ex's degree may be awaxded at present. '«It seems jnost 
reasonable and feasible to develop thi^ programme £urth^r for part-time 



stud^ntTs^uch as- high school teachers, and industrial Scientists. York ^ 
stiould* seriously consider planning a specialized MSc in applied probability. 



York is strong in probability, whereas the University of loronto 
Is not._ Relations with the University of Toronto did not seem nearly as 
*close as <hey could or* should be. York faculty should.be given an opportunity 
when appropriate, to cooperate in supervising the research of doctoral 
students' at the University -of Toronto. , Consideration .should be given to 
.organizing a J.oint probability and statistics colloquium. , 

' Recommendation 29 ' - . » 



Ve recommend that: 
i) the part-time graduate^ programme 'at the master's l^vel should 
be further develop'e^; 
ii) consideration should be given to a master's programme in 
' applied probability; 
iii) tjiere should^be substantially increased collaboration with 
University of Toronto. 
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D. COMPUTER SCIENCE 



Jntroduction^fc 




Computer* science Is sa^wew discipline, and in Ontario (as ^se*- 
where) the graduate- programmes Ary in their choice of fields of specializa- 
tion* TorontOj^d Waterloo aj^f^dy offer both master's and doctoral degrees 
irl*all fields listed by ACAP. Most of the other universities offe?:, or ** 
• p}.an to offer, graduate ^ programmes of a more specialized kin^ci-^, mainly 
based on the research interests of a small group of faculty members. These 
programmes lean towards computer appli,cations , systems engineering, and 
hardware, rathei; than t<i t;)ie theoretical s:^de o( th^ subject. 

It is not surptisin^'l^fiat unity has seldom been achieved' between 
vocational or applied computing on the one hand, and academic or core 
computer science on the other. Different universitie^^have met the dichotomy 
in different ways, and' it is too earl-^ to prescribe ipeal solutions. 

One consecpfence is an uncertainty in the future departmental status 
of scientific computing. This field, o^ice a powerful force in computer 
development, is in danger of being lost (even in ACAP's classification) 
between applied |^thematics (numerical analysis) and computer science 
(mathematical sqpb^are). We see some danger df an isolation of computer 
-science from the > other areas in the ^Mathematical sciences. Links between 
computer science and relevant areas of pure matliematics , especially 
algebra, ^and between computer science and applied mathetaatics', numerical 
analysis^ and statistics all need strengthening. 

^Sepause so .many of the mastery's progtammes will continue to 
be specialized, graduate students entering the PhD programmes at Toronto 
and Waterloo ^from other univerisities should normally expect to take 
additional courts to round oiit their background. 

' . • ^ 

There appears to be ^ reasonable balance between the n^ber of 
computer- science graduates and £he job market, both at the master's and 
doctoral levels*. • Hence we recommend that attention be Concentrated on 
stay^^ng in- the forefront o-f current computing researcH anti ^development , 
rather than on growth or on the duplication of existing programmes* 

Univerbity of Toront o . 

c 

The Department of Computer Science, with the equivalent of about 
24 full-time faculty members and 10 or so visitors, iS' among^ the best half- 
dozen in North America. Its graduate- courses provide 'excellent coverage 
of all major' aspects of comput^rn^ (including progranmiing languages, systems, 
numerical Analysis the theory of commutation, computer architecture, graphics, 
artificial intelligelice , and data l)ase and file management). 



The Introduction' IS taken almost verbatim from the pfetoble' of the 
advisors* repor't. . ' ' 



The, current graduate student body, consisting of about 40 ft^- 
time MSd^and 45. .PhD students, seems to be of good cjuali-ty and is being well 
trained and supervised. We understand that no major ' changes in emphasis 
or size-ar^ being planned for the next - five years, and ve do not recommend 
,any. \The njain, (ief iciency noticed was limited intera*ctive computing , . 
facilities; we hope this pan be remedied. We also hope that. The computer* ^ 
science staff ulll be housed^ together with the staff af the other mathe- • 
matical sciences in any new building, so as to foster continued interaction 

' ' Since Waterloo has th^ onl^" other doctoral programme ^in computer 
science in* Ontario, cooperation between Toronto and Waterloo in. this area 
seems called for. This would help to avoid the wasteful duplication of 
exp^sive fa^llties. We also urge the Universi Pj;^ of Toronto to encourage 
its gradus^te students tq solicit' research advice from leading experts in^r 
oth^r Ontario universities, especially nearby York and Scarborpugh, and to 
include such experts on its doctoral thesi^ committees 'y^^^^"ver appropriate 
♦ * ~ » * 

Finally, having achieved a high level of qua-lity, the Uni-versLty 
of Toronto must take special care to maintain it withoyt stagnating during 
a period of little , growth. -Great care must be "e'xercised in 'n\aking new 
tenure app^atinents if quality and dynamic flexibility are to be preserved 
in this rapidly evolving discipline* 



Recommendation 30 • * ' ' • 

We Recommend: » ■ . 

*i) the ^ntinuation of the excellent MSc ancf PfiD programmes in 

computer science at Toronto; " 
ii) an impjoveme^nt in ij^eract^lve ~faeilitie.$ ; 
" "iii) increased attention' to ccSl^eration with^the staff of'other^ 
^ Pntario universities. 

University of Waterloo 

.| ~. , . j_ 

The computer science department, with the equivalent^ of about 
30 menfcers of the fui*l-time faculty ilus visitors, cross-appointments, etc. 
is one of the best dozen or so in NoSth America. Its graduate courses 
cover a wide range of t9pics,' but thf department- is committed (probably 
wisely) to only three research areasi computer systems, numet'ical analysis 
and theoty of comi^uting, where it ia^specially strong. 

The high reputation of thelfaepartment is due to its inclusion 
of a number of 'individuals who combiip originality with* scholarship and 
a high. degree of practical know-how. 1 The widely used WATFOR and WATFIV 
compilers constitute an especially n«able achievement, and the excellent 
computing facilities are smoothly run! 'However, we think the university 
should define more clearly the rolesiif its two independent COTiputing 
facilities. ' 
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We also note with 'approval the intention of the department to > 
liml't the number of new graduate students entering the master's programme 
to th^t admitted this year^ •Mol'eover, since so many able compute^r-oriehted 
im'dergraduatfes go to Waterloo, we think that- a special effort must 'be 
made not to starve other masiter's programmes in Ontario, which might . , 
occur if^an undue proportion of the^e undergraduates stay on at Waterloo 
for their graduate training. As f atk as doctoral candidates are concerned, 
cooperatj^on^with Toronto in an^agreed upon admissions policy would seem 
desirable. . ' ' 



iJe hope that limitations o^f size will make if possible to ra^-se 
the minimum standards for admission, although we recognize that non- 
academic qualifications ' are very, important for most jobs. We strongly , 
endorse the orientation of the master's programme. tjWards. jofcs in business • 
and industry. For this reason, we^^- especially glad that the facuJity 
considers it unwise to jeopardize the quality of its doctoral progra^mie 
by giving it a similar orientation. 



Recommendation 31 



We recommertd that Waterloo continue, its graduate programmes, 
maintaining the size ^of the present graduate student body and 
aimjtfig at higher • standards if possible. 



Carle ton pniversity ' * * ^ ^ / 

bpmputer science ^at Carleton University is ,dealt with jointly by 
the Department of Mathematics and by the Department of, Systems Engineering 
(Faculty of Engrineer ing) / The latter group is responsible for undergraduat 
instruction in compufer.^programming and related topics. The master's degre 
in most fields ^f computer science is already offered by one dej)artment or 
the other',' with coordination through a joint committee. A plan by the 
two department^ to merg^ these efforts into a joint MSc programme in 
Information and Systems Science has reached an advanced stage, having been 
approved by OCGS in June 1975. f, ' ' 



The computer science progratame involves 5 faculty members froiri 
the Department of Mathematics, jnainly in mathematical software and the 
theory of computation and 14 faculty members frodi Systems Engineering 
mainly in software systems, modelling and <:omputer communications. Most 
faculty members' have a record of published research and are currently 
holders of research grants^ 

We "^o not doubt Carleton' s competence to support ^ satisfactory 
MSc program^ along these lines, and indeedf there are already^ about 40 
graduate students enrolled in some aspect of computer science, thred 
quarters of th/em tfeitig part-time students. We are naturally reluQtant 
to criticize /he format of a progr^me so recently exterrially appraised. 
Nevertheless there are some aspect?^ that need further consideration^^ 
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• ^ ' • • One is that a close^watch sHbuld be kept on academic and \^ 

administrative, problems arising from, differences between faculties. ' 
A second point / mentioned In the statistics sectioh of the 'report,^ is \' 
that -the teaching of statistics and applied probability in the ^programme , ^ 

JP should be reviewed.* Next, ^xpansicm-in the number ef '^tudetHs enrolled 

will call for mdre faculty and the president's letter gives no' indication 

t ' that ^n .additional positi^ is likely to be available. Finally and most.>- 

importantly, there, is th^^uestip^ of cooperation with the University of 
Ottaw^. ' * . _ * . 

Whil^ appreciating the useful cooperation that already exists, . * 
we think it important that a wide-ranging, high-quality prograimne be -7 „ , " 
developed in the Ottawa area, with particalar emphasis on the needs of 
part-time students. - Under present circumstances this is achievable xmly, ; v 
' by positive joint planning by the* two unive.rsities , and we hope' that they 
will accept tl^p challenge of working out a joint enterprise. ' . . 

' " ^ ' " - ' ' ■ ' - ' ■ 

Recpmmendation 32 

We recommend that: ^ » _x '■ 

i) the proposed interdep^ttment-al MSc programme in^'^fortnatlop and 
Systems Science should be implemented; ' ^ 

ii) some aspecuf of this programme should be Sub'jef^t to internal *^ 
re\ijjLew; ^ 

iii) the disc<*ssiori»**of long range pl^ns 'for developing a compre- 
• . hensive joint prograranie of academic work in computer science 

for the Ott^awa ama should continue under the auspices of a 
representative A^P. committee; * 
iv) in three' years time there should be an extern^al appraisal 

the graduate programmes in computer science, in these two • ^ 
.universities. ''^ ' , . 

University of Ottawa , , ; • - 

The Department of Computer Science at the University of pttawa 
does not have a graduate programme at present^ although some fapulty 
participate in the interdisciplinary programme In 6eperal Systems^and 
Information Sciences, or supervise graduate students fro;n the Department 

of Electrical .Engineering.' 

^. ^ ' r ^ - ^ 

The department has 7 fpll-time faculty plus another 6 in. cro^- 
appointments, tliese latter contributing ab^out tv^o full-time equivalents. 
Most of the faculty hold" research grants and have developed programmes 
of personal research; the group is however a new one and this makes it 
difficult to judge the quality and quantity of research produced. 

J The department has proposed an MSc programme specializing in 
the areas of i) mini-computers and mi cto- computers (systems and applica-. 
tiotts) and ii) system simulation- (methodology, modelling and software). 

• • t ' ' 

The chairman of this committee should probably not be f^J^ either Carleton 
Vn 1/^" ^'^ the University of Ottawa. I o ' , * ' 
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However^ a similar programme was not approved irv a 1973 apprais^al^ and we think 
it would require at least one new faculty ^member with ^^bstantial 'publica- 
tion- record to make it ytable. d - ' ^ 

V ' \ . . . 

On t^e. other *hand> we see a 'real need f or^raduat^(^urses 
atttactive Vo francophone students in Ontario; this^ is not just a question 
of the language of fprmal iivstructioii, but also of the availability .of 
supervisors conversing in the language of th^. student. Another/special 
need in the Ottawa .»area is^ for wide-ranglng^instruction ih ccaaput^er 
science with special attention to the needs of part-time students. 

* * We have already STiscussed this in\connection with Carletorr 
:Univ?rsity, and repeat our recommendation that Carleton'and the University 
of Otrawa develop a 'comprehensive .programme of study in conqjuter scieftce 
for the Ottawa atiea. This should,We think, be a def^inite ACAP re^m- 
mendation. ^ ' ' ' 

. - - i^ ' '• • " ' " 

Recommendation: 33 , . ' - 

, Recommend; ' ' ^ 

^/ defef^ting the establishment of a new master^s programme at 
. the University ' of Ottawa; , ? , 

ii} that the discussions of long range plans for developing 

a comprehensive joint programme of ^caciemic work in Computer 
• science ifor •the Ottawa area should continue under tihe, auspices ^ 
.qf a repres^antat iye ACAP committee;* . ^ • 
^ii^) aa>^ resulting proposal sfiould be submitted for appraisal.' 

Queen* s University * 

. ^ . • w - ^ ^ 

. The computer science departmient haa 11 faculty memters whose 
fieldTS of compefenpe cover th^ subject. There is a quite compreliensive 
MSc programme with ^bout 35 students, about half of them bjeing' part-time. 
There is^d^U^ally a thesis^ the^maiu component of l^hich is a major ' program^- 
ming projj|ct^. Theses seemed of r^ather unevera'^Mality. Employment *pro^^^Qti8 
for graduates appear very good; indeed one the department's problimS*^ 
is^hat of students who leave "before completing their thesis! This JLs 
a sound programme and we have no doubt that It should continue. . \ 

The departmen^t would lik^ to Introduce a PhD .programme beginning 
in 1978 and. in the fields of prograaiaJmg^languages, software systemsu T 
<iata manageiheht ^nd 'information retrieval and applicafions related t& ' 
these. Taken a's a whoje, however,^ the r^earch output of • the departmei(t ' 
in these fields isnot^yet impress:fye. ' Greater activity is evident •in 
mathematical Software and in th^ special applica.tions that '-attracted 
st^ff into compufeervscience in the "first place.' Only. a minority of the 
faculty have published more than one paper on computer science In a v 
refe^i^d jouma\. % . " , < jm 



The chairman of .ithls committee should probably nof be from eith^r^ Car^eton 
erf the.Jjpiversity of Ottawa. ' ^ ' 



The plans of the department call for the' addition of two meinj|ers ^ 
of faculty over the next 5-7 years- to support the proposed- expansion, we 
agre'e th^t , with the present Ij^portant coimnitment to th^,MSc programme, 
this expansion is the minimum ^cessary for a PhD progrfi^rane. We note that 
the principal's letter of June^ 1975, nowhere refers to such expansion. 

Farther, there is no'.^trong evidence for the need for a third 
PhD programme in Ontario in^these *f ields^ at least at present. 
^# -> 

These considerations have convinced us that it would be premature 
for Queen's to work' on a PhD pEpgramme now, and that its computer science 
^faculty should devote their eflbrts instead t:o their own research and to 
strengthening the MSc prograifeie. In another* 3. to. 5 years, it would seem . 
timely to reconsider t;he desi;:ability of supplemlj^ting the strong listing 
PhD programmes in computer science at Toronto find Waterloo by other, mor^ 
specializ-ed PhD programmes. 4 

-4^ - ■ . ■ • : * ' - ■ ' ■ 

Rect^mmendation 34 ^ . • - . ' * 

We recommend that^ueen's give attention to ''continuing to 
X strengthen it§ MS^^pfcograiime , before proceeding further with 

V plans for a PhD pt^egramilie. 



McMa^ter University ' * 

The existing MSc programme in coAputationf established in 
1971, emphasizes numerical ^nalysis and optimization^ Of the 10 faculty 
members , ' fotir are cross-apfiointsqents ; five harve a PhD in physics'. Only 
one Vacuity member appears -to have a str6ng interest in theoretical 
computer science as such. : 

As an i^lArdiscllplinary programme, drawing students from non- 
mathematical -'depa^enfs we feel tbat the present programme may \^pell 
attract enough Canadian student^s 'to be viable. Also, faculty research 
in optimization and numeyicil ^mathematics may be reinforced by substantial 
research strength in the|e fields in chettiiQal and electrical engineering. 
Howe.ver, it would" certainly be desirable^ to have at least one more faculty 
meAber actively working pn centr-al '|)roblems in computer science. 



Recg^mmendation 35 . ^ ' * . ; ' 

ye recQmmend that the existing* MSc' programae be' continued, 
but that its adequacy %ith respect to core subjects in computer 
science^'be reviewed internally whcnewr a new faculty appoint'- 
,ment is made. . ' ' * 
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University of Western Ontario 



There is at present an MSc programme in the - Department of Computer 
Science with 17 full-time students. It has been very successful in pre- 
paring students- for c&i-eers in' business and industry.. It should certainly 
continue on the pjres^ent scale, but we ^think"that raising admission standards 
would be more desirable >^han increasing the, enrolment to the extent projected. 

The dep'artment would like to introduce a PhD in a limited number 
of fields: machine intelligence-^ operating systems, and data structures* 
An important research tool would be an In*terdata 7/32 cpmputer with a 
TV camera, recently obtained by a major equipment grant frgm NRC. This 
t>roposal fias the favourable feature that the challenging field of machine * 
visions is not a specialty of any other Ontario university ;^ moreover the 
DECsystem 10 at the Computing Centre is particularl>-Weri suijed to ' , 
research in artificial intelligence. 

However, we do. not feel that the research record of the department^ 
as a whole is stra»g enough to justify a new doctoral- programme at this 
time. Technical^ssistBnce for faculty members doing research in artificial 
intelligence need not be provided by research students^ and those exception^^ 
research assistants qualified for a PhD in computef*science could well 
.obtain the degree under a cooperative arrangement with the Universities 
Of Water^.00 and Toronto. . * : 



Recommendation 36 ^ . • ^ 

^ We there*fore recommend the' continuation of the MSc prog-rarame 

without quali fica tion « - but we think that? the proposal for a 
PhD^'in computer settee' should be deferred. * y 

' Ir' 

University of Guelph • . t , 

✓ ' ' ^ ' 

Since^the University has withdrawn its jproposal for .a graduate 
^programme in computer science, no repprt is "required urifeer ACAP guidelines. 
However, we wish to express our ag,reement with tfie chairman's assesst^ent 
that the potential enrolment in 'suct\ a programme would be too small to 
justify the effort.^ The proximity of Guelph to Waterloo. Suggests that 
this situation may not change. ^ • 

* At the same.t^ime, we hope thalt the several faculty members 
having> research interests in .the practical aspects of data processing 
stressed in the good undergraduate programme, data management , .^^imulat ion, 
software system^,* and business -programming languages (CQBOL and PL/1) , - 
can poope^rate supervising graduate students irl other departments or 
other universities. , ^ , " , ' , 

♦ 

We also suggest that, even though the area of specialty is software 
engineerii^g leather than theoretipal' computer' sciQnc<5, an appointment on the 
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theoretical side ipight improve the balance of iny such- programme, as 
well as adding strength to the present undergraduate programme'. . 



No formal recommendation is called* for. • ' . 

V 

Lakehead University ' ^ 

* • ' * * 

• The University is evolving a pfopo9al for an interdisciplinary 

MSc programme in applied computer science sp^isored by groups in- the 

departments of mathematics., engineering and business. The primary aim 

would be regional service. t . 

The proposed programme wduld be run by nin^. faculty members 
from the three departnjents concerned, mos-tly on a part-time basis and ^ • 
this is perhaps the equivalent of four full-time faculty.^ In addition, 
there is some strength in numerical analysis in the Department of Mathe- 
matics. Apart from those by the president ^and his wife, there are very 
few published research contributions in computer science "from the group. 
The president's letter promises an additionalg^ost ^.f the programme is 
funded. ' , ^ • 

Since we have not been asked to assess th^ progr-imme being 
worked out, we have not done so. However, we do to point out the 

rel-evance of two 'of the general observations made in Chapter I: the 
need to attract enough qualified Canadian students to make an MSc 
programme, viatle,^ and thA. impprtance of leaving the faculty* enough free 
'time to be active- in research. 

No recommendation seems called for, since -any formal proposal 
would be subject to appraisal in any case. 

Yotk University f ' - * ' * 

York does not ha^ve a graduate programme in computer science now, 
but hopes to have one within two or tlvree years if* approval can be obtained.^ 

tentative proiJpsal for an MSc programme was discusVed with the ACAP 
advisors, and is now being reVised in the li|ht^of this discusBion, 

The group ih the department who have been trying to draft a 
g09d' proposal are enthusiastic, but none has yet ^ shown great strength" ^ 
in research. Partly for this reason, we think th^t. any proposal that 
is genetat-ed^ should involve ^cooperation with the University of ^Toronto. 
Increased coilaboi:;ation between the Faculty'of Arts and Atkinson College 
might also help -with the heavy undergraduate programme. One possibility , 
'waul*-lbe ah'MSc programme aimed at part-time stTidfervfs, partially . duplicating 
courses given at Toronlto. Another would be occasiorial participation by 
York. faculty in the work at Scarborough. ' . 



/ 



A-71 



Recommendation. 37 

We recoimnfend< that: ' ' 

1) ^any proposal put forward for dtetailed appraisal should, specify 
* tjie collaboration involved w^th the University of Toronto; 

ii) before a proposal is put forward for an Independent piiograinme» 
I two new faculty appointments* should bejnade. 



■V • 
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CHAPTER III 



^•^ GEpRAL CONCLUSIONS, AND RECOMMENDATIONS 



1. Introduction " — ^ 

. • ' * - ^ 

i In this part of our report we draw together our discussion of 

and recommendatit^ns about some general issues. There is some overlap' 
with the earlier parts of the repott. ^he paints come under three broad 
headings: collaboratJ.on betweert univerj?ities (section III-2> I1I-3, 
and Ill-il; matters connected with specific mathematical'or academic 
issues Csefc^ions III-5, III-6, 111-7, JII-8) ; and matters more of an 
administrative or servtcte nature (sectidtis III-9, HI-10\ III^ll, IIIjl2) • 
Our id is COS s ion has to be taken in the context of the important recommenda- 
tion in section 1-6 that the number pf PKDs awarded each year in the »mathe- / . 
matical sciences should be approximately 4Q» 10 for each area. 

2, Interuniversity arraagements • . 

. In our detailed rec^^tendations for individual universities we 
^have mentioned a few special csrees where increased collaboration over 
course work is desirable. Here we*digcuss some of the wider issues involved, 
first'. spme general points need to be m^de. 

We applaud the apprecl^able ^xrH^bor^^tion that already takes 
place^notably^ in arrangl^ig. s^ch events'^ as "algebra days" and tn joint 
^ ^rr^igements for visiting seminar speakers. In suggesting the need for. ^"-^^ 
-further collabaration we appreciate the difficulties invoked and the 
s^uggestions tUat follow are intended for implementation by mutual agree- 
ment among faculty "member^^; suihh an atrangement is much -more likely to be 
effective th^ii bne imposed by aA outside body. 

We realize- that chaAnnen of departments meet informallyV- We 
suggest a rather more formal arrangement to examine mart^s of mutual 
interest, an interuniversi\j:y committee of the ma^tfSfiatical science^, 
possibly the ACAP Discipline droup,. This oduIcuT we^ hope with the minimum , 
of administratis^ formdlity, deal with a number of matters o^ .mutual^ concern ,^ ^ 
acme lifted below. The committee would require subsections -for the four ~ • - 

areas; at most, two people^ fifom «<fe university should attend any given . 
subsection -meeting. , • . . - . s 

The interiiniversity committee would, we sugfest, deal with the 
following things, among others: : 

i) library matters (see se^tioif III-lO) , -and - 





A-73 



4 



ii) the preparation at* least every two years of a bo 
graduate, work in OntariKp in the math|matj.^c^l scj, 
recommendation 38). The bboklet should contain 
and information to potential graduate students, 
about fields of study (see section III-8) and a 
ment of " four pages maximum from each university 
graduate programme. The booklet should be distr 
to undergraduates in" Ontario and we hope -through 
internationally. , % 



oklet about 
ences (see 
general advice 
information 
factual state- 
offering a ^ . 
ibuted widely 
out Canada atid 



\ 



There are two other important issues connected with interuniver*s 
collaboration. The first concerns active research groups with few or no. 
research students. We were glad to hear that arrangements are wide- 
spread whereby a faculty member at one university can be the research 
supervisor of a student elsewhere, but we appreciate that this is bound 
to be a fairly exceptional arrangement. We consider, however, that the 
advisory ' committee for the work of every research student should contain, 
^t, least one person frpm anpther^ uniXrersity. Where that person is 
principal advisor there should be contact vith the student's workyfit least 
every six months, ^e' see this as a way-^of using the appreciabj^^xpertise 
at universities with small numbers of research students and, equally impor 
t§ntly, of giving younger ♦fa^^ty members at such uniyersities some experi 
of resaarch supervision. 



ity 



the 





ence 



Finally we point |out the possible advantages of collaboration 
rWher'e two universities with fairly similar interests have master's programmes* 
of only just viable size; in particular, it may be possible to alternate 
years of entry, the master's programmesr-being planned towards doctoral 
work at eircher university, *\ ' ' 



/ 



Arrangements for" joint' seminars and "f or exchange of information 
about visitors should be systematized. Al^o arrangements should be encouraged 
for students, ^specially doctoral students nea'r the end of their work, to 
^me^t fellw students from other, universities for discussion of their work. \^ * 
< Our impression is tha,t while students sometimes travel to othey universities' 
to hear visiting seminar talks, they rather rarely have useful scientific . 
contact with students from other universities. ** 



Recomoendation 38 



i) 

ii)' 
iii) 



We recomm^d that: 

,a suitable interuniversity comn^itte'e of the mathematical sciences/ 
should . ^ ' 

produce every two ye^s a booklet describing^raduate work in 
the mathematical sciences in Ontario; 
review library matters of joint interest; 

ensure"'that advisory^ committe^^^bf research students contain 
at least one member from another university; 
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Sv) ensure that arrangements are universal whereby a research student 
at one. university is permitted tp have as his principal advisor 
a f acul^j||||iQember ^crm another uniyerstty. 




3. Critical size of progrananes , 

r • The^ACAP specification calls for general discussioA of the- size 

i of programmes aivi we turn to this now; it has a direct bearing on 'the 
1 relations between universities and interuniversity collaboration. The 
I considerations are somewhat different for master' s 'programmes- involving 
: much course work and for doctoral prograimnes, where quality -of the research 
; supervision is of overwhelming importance. ^ 

^ ^ ^ % 

Size of programmes is most relevant in those aspects of computer, 
science where expensive and specialized hardware is involved, but a much 
more flexible attitude is needed towards wo^ in pure and applied mathematics 
and in statistics) ' 

There is no 'reason in principle why research of distinction 
should not be done by a research student working as the sole research 

r student attached to a group of faculty active in research or even to 
an individual faculty inember of distinction; library and computing 
facilities are entirely adequate in all the universities visited to support 
such students. The quality^ of faculty .supervision provided is* the crucial 
thing, especially in so far as if affects the choice of topics for study. 
For course work -at both master's and doctoral levels, there will be much 
less choice of specialized topics in university departments with small 
total numt)ers of graduate students, but, there are in'^such departments 
coqipensaring aspect:s of "increased breadth, arising also from increased, 
contacts with students -ln other branches of mathematics. We must report 
also that more than once in our visits we heard very ^eloquent defences 

* of small departments from students w*ho had been graduate students earlier 
in largec departments; of course, this does not prove that their training 
was better in the smaller' department! 

However, we have no doubt that by* and large, in aiythe areas, 
and taking s world-wide view, the most significant work is done by students 
working in centres where there are appreciable numbers of students and 
faculty active in resear.ch in the topic In question. The location of these 
key centres can, however, shift quite rap^.dly, a fact which is itself 
anot-her argument! against a rigid allocation of research students to' a few • 
centres; at least any such allocation would need frequent review. See 
also our -comments -in section II-B on rapid changes of interest within 
applied mathematics. 

To Siummarize, we consider that most research students should 
work in centres where there are an appreciable nunfcer, five or taore 
research studeftts in their area, but that other departments with,tf!e 
facilities to provide programmes of the necessary quality should not be ^- 
/barred frbm doing so* It is important ^d iust tliat students choosing 
• their university of study should be aware ijf the issues involved,- -Further, 
% - 



, where a student is on his own," or one of a vety_ small group, the department 
should be under a strong obligation to ensure contact with othe^r universities 
attendance at seminars, etc, ^ « 

• ■ : 

The postgraduate booklet (see section tlI-2) should therefore 
contain a prominent 'statement similar to the following: "It is entirely 
possible for a student to obtain guidance df distinction within departments 
with a ^very sMill number of graduate students. Nevertheless it is true . 
internationally that most research work of high' quality is found. within 
. departments having a numbjer of faculty active in the area in question and 
having associated with them five or more ^graduate students. Such an environ- 
iO _ inent, at i£s^best, prodiices an invigorating atmosphere, including discussion 

between students working on related problems ar^d a good choice of r^evant 
course work/^ ' , ^ 

. 1 ^ ^ ' 

Some but not all^of the above 'discussion applies also to master's 
prograntoes , in which the course work element is predominant^ Thelre^ however, 
^ it is not economically viable to mount a thorough programme of course work 
within an area without a good number of students. We have made comments, 
where appropriate, on individual universities in Chapter II. 



Recommendation' 39 



We recommend that the postgradi»te booklet^ skoyld show the 
numbers of master's and doctx)ra^students working in each 
university in the varioira areas, and shoved contain a 
prominent statement that the size of the group/is a rele- 
vant cons||deration ,in decidinj^ where to apply, I 



4. 'Movement of -students between universities 



* Students choose their university of study on a variety of 
grounds. We recpgnize, of coursev that there may be compelling personal ~ 
reasons for a student remaining in .one geographical area; this applies 
particularly, but* not only, to Lakehead and Windsor,, Also students may 
wish to continue the doctora*! work with an advisor whose' work has interested 
them at undergradiiate or master's leveir "Nevertheless t.he academic and 
personal arguments for not doing all three of undergraduate, master* s and 
do^ctoral work in the same plade are^trong. 

In most' cases a =move^*should be made at the start of* postgraduate 
wQrk. "We appreciate the difficulties of effective action on this. Financial 
incentives to students to move universities can^be envisaged. However, 
there are special ^fields where the expertise for supervision of research may 
be concentrated in one university. 
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Reconnnejidation 40 " ♦ 

\ We recoiranend that: > 
" i) the booklet on graduate work should contain a strong statem^t 

^about the advantages of having worked in more than one university; 
ii) those advisiAg fourth year undergraduates should feel obliged to 
* point out the advantages of a move; 
iii) the interuniversity coimnittee should pro'duce and circulate each 
year statistics for- each imiyetsity of the numbers of 'Carradian 
^ and non-Canadito master^ s and doctoral students registered and 
the number of those who have studied only at the university in 
question . 



5. Part-time students 

We now turn to a number of issues of a more speciflcally^^cademic 
or mathematical character and first discuss the considerable importance of 
master's wo^rk for part-time students, especially in statistics and computer 
science. 

Graduate work in the mathematical science^ is inevitably special-- 
ized, calls for very concentrated workj and therefore the role of courses 
for part-time students is largely limited to situations where there is 
substantial connection with the s'tudents' employments We see however a 
very important roJLe for part-time master's courses in statistics and^ 
computer science and in appropriatfe fields^ for school teachers. We were 
glad to see proposals, for such courses, -from the main populatioa^:»tres. 

We have the' following general comments. 

a) The general academic standard of such courses should not differ 
substantially from that of courses for full-time students, 
although the cfontent may well be different.* 

b) Some courses for school teachers Sihould include' "statistics ^nd 

^ computing. There' is likely eventually to be considerable scope 
for imaginative teaching of these in scboolV, given suitably^ 
qualified teachers'. ^ " - , , . 

*c) In particular areas there may be scope' for more specialized master'.s 
work, for example- in actuarial science. 

■• ^ ' • ■ ^ - ' 

d) There; may be some demand for short intensive "post-experience" 
•courses on specialized topics for workers in industry , ygovernment 
and lousiness, but we take discussion of these as outside the terms 
of reference of the present report. * * 

e) We have seen no proposals for doctoral work, based solely on 
. part-time-study, and we do riot wish to encourage an'y. 
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Reconnnendation 41 



We recommend that: . * ^« ' ' ♦ 

i) part-time master's courses including statistifcs and computer- 
science should 'be encouraged in the main population centres* 
. They should ba at the sam.e academ:i.c standard as corresponding 
courses for full-time students;' ' ' " ' ^ 

ii) courses for school teachers should be broad and also include the 
opjfortunity -to study statistics aftid computing. 



6^- Mathematical work in other 'departmeilts 



A recurring tt>eme discussed in section II-B, applied mathematics*' 
and in section II-C, statistics^ has been the difficulty in assessing the 
amount and quality of mathematical work in other ^ departments^ most notably 
but by no means entir^iA^, in departments of physics and engirveering.^ In 
•our visits to universit\es we heard of man*y examples ,of such work and of 
encouraging collaboratioX between mathematicians" in various departments.' 
Joint programmes are an axbellent idea but difficult to administer. There 
is need also for small meetings o\ scientists in fields with relatively 
novel mathematical problems together with mathematicians with a varijety 
of special iAter^ts. As explained in section II-B such activities are ^ * 
especially desirable to invigorate applied mathematicst 



Recommendation 42 



We recommend that regulations allowing joint supervision -ef- 
research ^students by staff in more than one faculty should 
be encouraged. 



-7. 



Comprehensive dgctoral requiremen:ts 




Treliminary qualification far 'Soctoral *eandi'3 
two parts. .The first] concerned with the special field 
raises -no general issues. ^ The second, the estat)llshme 
matical education, does raise some* awkward points, espe 
in the, more applied subjects. ' 




ssentially 
or research 
inathe-' 
or students 



It is excellent that some students working in numerical analysis, 
statistics, applied probability, the mathematics of operations research, 
etc. , "should havfe a good knowledge of topics of pure mathematics not 
commohly used in the field proposed for research.' It *i8 at least equally 
important that many students even If working in very theoretical areas, 
should have non-superficial experience of applications; students working 
on the numerical solution of partial differential equations should know 
something about some aspects pf continuum physics, We *Sare concerned that 
the generau comprehensive requixemervts are sometimes those for work in 
pure mathematics, regardless of the ultimate field of research; in other 

• ' • 13,, ■ 



cases the requirements may be too r^lSdly those for vork in classical 
applied mathematics. Of course, we QO not suggest that every thesis 
in more applied areas has to be judged 'by its immediate usefulness in 
applications. We, suggest a more flexible and interdisciplinary content 
*^in the comprehensive requirements, 

We think also, both on scMntific grounds and on grounds of 
social usefulness, that graduate stiMents in pure mathematics should be 
advised to follow at least one appliW topic t!o a reasonably advanc^^ 
level (see section II-A) . " * , ^ 



Reco mmendation 43 

♦ We recomm^d that: 

i) comprehensive /Requirements for students in applied subjects 
' should be^brp'ader and more ^Ifexible. They should include the 
possibilities, both of studying pure mathematics to an advanced 
level and ef making a deep study of applications; 
ii) graduate students in pure mathematics should be advised 
to study Some applied topic. 



8. Tcrpics for research 

~~ , * s * ' 

\ 

We consider the> general balance that has been r^ach^ed in Ontario 
between' the four areas of pure mathematics, applied mathematics, statistics, 
and computer science to be very reasonable and nothing further need be said 
about tfil's. The following comments refei^rather to the choice of particular 
topics and fields within the four areas. ' ' • « 

' • 

Mathematical work is very specialized and we dd not think it 
at all necessary that the balance of subjects stucHed by research- students 
in Ontario should conform to world-vide interests. %vertheless it 
undesirable that appreciable^ proportions of .s-tudents ;shogald work in very 
narrow fields; this applies particularly to pure mathematics^ but to some 
'extent alsa to the other areas. In any case, a very narrowly educated 
doctoral student , is often a poor teacher and difficult to place in 

^fruitful employment. . \ ^ , ' 

^ . * " " ' ' * 

" We do not favour the ^impositioti of rigid quotas for numbers of 
students entering the various special topics ,- although we have in Chapter IT 
indicated j^sirable numbers of doctoral students in^the,four areas. We do, 
however, think 'that it is rigljit foY faculty and potential research- students 
to know how many students are, in the varlbus special topics over the province 
The number of students in ^the various areas should be monitored by the inter- 
university committee. 

jThe ACAP requirements specifically ask for comments oft topics 
Inadequately <tovere&. This is difficult to assess, particularly because 
in say, ten years, thete can be appreciable changes of emphasis, both 
in the"*79ffearch Interests of particular individuals and department^, and 
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in the fields in which Internationally the most exciting work is beii^ ^ 
done. This is particularly relevant in applied mathematics; see secflpn 
II-B. 1 ^ * > 

Thfere is' some weakness over the province in applied probability, 
and this i# illustrated in the following three special cases. 

We found no really deep~ involvement in the mathematical techniques 
of operations research and management science,^ including inventory control, 
production scheduling, reliability, ^tc. There is a very strong department 
of coiii>inatorics at Waterloo, but there the contact with applications did 
not seem very great. We realize, however, that much work is in progress 
in management science' and -engineering ^departments .and that isolated individuals 
in mathematics departments* have very useful involvement in .such work. We 
found, for example, no place where the statistical aspects of simulation . 
are studied' derspite their wide importance. * 

The absence of a strong ^roup in a mathematics department 
interested in both deterministic and Stochastic control theory is striking. 
Again we were unable to see in detail work in engineering departments. 

• ■ y ^ ' *• 

We were glad to see developing ^n several universities an interest 
in mathematical biology, including ecology. Again the deterministic aspects 
seemed' to pr^^yminate over the stochastic. While we had no.t the time £o 
discuss this in detail, we wonder whether the deep level pf collaboration 
between mathematicians and biologists necessary for $iuch work to be 
scientifically fruiLful is widely appreciated. Nore'joint work between 
mathematics and biology departments aj. the und^^rp,ra4uate level inay be' * 
required to produce research students with the right background':. s[ee 
'section TTI.^ Review of comprehensive ^octoi-al- requirements tOjfost>er 
joint wprk is also impottant; see 'Section III-7. ' . • 

^ We consider that there 'should be more' emphasis on the unified 
^tudy of numerical mathematics. He realize that it^le arguable thc.t 
th^s subject js best regarded as a series of more or, less unrelated 
-parts 5 .primarily 

^ numerical linear algebra **** • 

numerical solution of ordinary differential equations 
nui«erical solution of partial differential equations 
' ♦ nuraerieal^ solution a£ integral eouaticns 

— - nianerical opHmtz^tioi^ 

* * nvimerical analytical aspects cf statistics \ ^ 
' ^ , ' • - 

but we feel that some unity should be'ailned at especially in Reaching, buf - 
also in strengthening research. 

We found no *fetrcng centre cf V7c?:k on the computational aspects 
o*f statistics*. 



' The ACAP inveatigation h^s been based on a somevrhat artificial 
division into four areas. ^ The n^ed for individbsle ^o change interests 
usually but not necessarily from the relatively pure^o the relativ-aly 



applied is widely recognized and we were *glad to see^such shifts^of 
int^est among faculty being encouraged in many departments. We have *no 
sbecific recommendations about how such changes are ^o.be further helped^- 
but note the following groups of subjects where* i>ncreased mining of ideas ^ 
and' specialities is likely to be fruitful; 

probability - functional analysis; 

statistics, and applied stbchastic processes - numerical analysis; ~ ' 
deterministic problems in mathematical- biology , as treated by 

exj)erts in differential equatibns, etc. - stochastic problems; 
.algebra- mathematical biology; , ^ - 

applied mathematics - comjJuter science. 

We make no specif i*c recoimnendatlons on the "Setailed topics just 
discussed; see, however, the general recommendations on applied mathematics, 
section II-B. To coiiplete the section we restress the importance &i makin-g 
relevant information on fields of activity widely available. 

r ■ 

Recommeixdation 44 , 

— ■ r t- 

We recommend that: 
1) the interuniversity committee should every few years review topics 
of especial promise in which fewer students are working than is 
desirable, the objective being a shift of emphasis from;thesls 
tppics of a highly specialized cha'rac'ter to those of , a\Aroader . 
and interdisciplinary kind; ■ i 

ii) the interuniversity committee should provide in the graduate . 

booklet information both on the number^ of completed -theses , 
for each of the main special topics, and on thesi,s titles and: 

Supervisors. ,* . 

^ ' t ♦ , 

% 

9. Administrative matters 



While Administrative matters as such are outside oilr terms of 
reference, some brief comments are in order. These concern a) arrangements' 
betweeji different faculties, b) general fin^cial ^rrangem^its t)etweea 
^departments within the mathematical sciences, and c) ^artang^'Tnents within 
departments. ' . . ' , 

t - ■ — • 

Mathematics is in some senses intermediate betwe^ th^ Faculty 
of Arts and the Faculty of Sciences, computer science is Ititermediate * /. 
between the Faculty of . Science and. the Faculty. of Engineerings there-, ar^ 
wide applications of mafhematics in engineering and incteasing interests 
in medicine. It was our^ Impression at more than oi^e university that 
overrlgid distinctions between ^^culties Inhibited cooperation in the 
training of students. Further, some faculty believe that money is allocated 



to departments r:^idly on the basis of BIU's in different ways. for 
.different faculties, though we had a strong positive impression of deans* 
* aq^iety to -ensure fair distribution of r.esd^ces and high academic 
Standards. TfreS^ove belief, whether true or not, can inhibit n^ded 
Qol lab oration. ' ^ 




On b), there is no 'single answer to the gue^tlon whether ther^* 
sl^ould be separate departments of pure mathematics, applied mathematics, 
statistics -and computer science^ flexibility and variefy-^hould prevail 
and the size of thg groups is important. N^verthel'ess ^e are very concepied 
^■situations whex;'e students especiallvin numerical analvgjjs , applied 
analysis, probabi-lity 'an<f statistics xd^Q^b .in on^ of two or more^ depart- 
*ment8 and, 'depending on their department are subject to guite 'different 
regulation^^and separated from students with fimilar intef^sts. We have 
commented' Individually on some specific instances where the departmental * 
structure needs reconsideration. 



4i 



** As regards' c)*;^ concerning individual departments, ^t will be 
aijpreciaied thaf we spent too shoft\a time in anyone departmejit to comment 
sensibly on the administrative arrangements. We -report^ how,ever, a general 
impression that excessive time Is spent in committee- work. Faimes^ . ^ ^ 
demands thaX Someone doing 'a large amount of administration should, if 
Jjhey wish, have a somewhat reduced teaching load, but sueh allowances , 
^snould^ in bur\ opinion be confined to §^very few pedple In each department. 
Special recogixition 'and^^encouragement of research contributions is more 
important, ^d wayp of doingthis shqiJ^fl^e cphsidered. 



"10. Libraries^ 



The 6iJ.ginal ACAP proposal called for/a report, by a spec^ _ _ 
liBlrary aduisor. Therefore, on th^ir' visits to/th^ universities, the 
mathema*ttcs aflvisors and/ co^ult ants conf 1^4>^eir jitivefitigatioti of 
library facJllities to brief visi^ Jfedf lijar^arifes and to questions to ^ <^ 
factiity arid students. In fact, ^p^etijM^ese vis\Lts were complete ACAP 
'decidedy^with the agreement of the consul tants Vnd advisors , not to appoi\it 
^a ,spec;ial library ^adyisor and tp, rely^^« the visiis already made. Thus 
.the following comments are made -after a much le*ss\:ho1:ough study than was 
first intended, ^e w^r^ of course, in the time available quite unable 
'to examine the important issues of library f inancingT^Lncludlng the ^proper- 
tfon'vof library funds *spent o^ books -and journals* J r * , 

Our main general conclusionvis that in ill universities visited 
gener^t^stand'ard. of library service , appeared to be available. 



^ Thfte- ar| the following more Retailed ccmim^nts 




a) The -interlibrary loart * servijce ^is effective^, altho»gn thftre were 

complaints from some unive/sities^ especially from students, 
^ atout slowne'ss. We, were not able to' Investigate these 'compla'il^ts , 
but we consider that departments should, provide some mech»ism 
\ ' ior SD doing. ' ^ - ' - . • ^ 




*h) Most departments have^coimnittees or individuals who takQ a 

' special interest in the library and we commend this arrangement. 
This should be the route for investigating complaints under 
.<a); a regular report should be made to departments of the ^ 
distribution o£ the time between ordering books and their. 
being ^available for loan. 4^ . , 

, ' ' ^ ' r , 

c) Many faculty members are'' alarmed that financial stringency 

mayj^ke it difficult t^~Takre"nW~ji5iirn3ls that subscriptions 
to established journals may have to be cancelled. We do fully 
' endorse the very great iiiiportance of rap.id access ^to the central 
journals for fields- in which research is active, but consider it 
Wonly, realistic to recognize that for the less cenftral journals 
increased sharing of re«<^urces and the use of library systems 
are inevitable. Itis, therefore, very itopq^tant that* acquisi- 
tions'.should be planned by the department concerned on'a regional 
basis and we reconpnend that the intelruniversity committee should 
Jt^ ^ •examine this question^ to ensure that there .are copies in Ontario 

of even minor journals. Such devices a^ the circulktipn of ^ 
content pages of journals notXtaken at the univej^ity in question 
. should be provided where #there\ is a clear need. It i$^ important , 
that boofes should be available' for loan soon after publication, 
but blanket ordering of books is not defensible when money is - 
short." While weywere impressed by tfft initiative sh6wn by 
• ^ several university libraries In implenlenting computer systems 

for abstract retrieval, etc., we would, however, deplore a 
Significant proportion of .library funds bein^ Spent in this 
^j^way, at the- expense of the acquisitipn of bookstand journals. 

Recommendation 45 ' ^ / . • ^ 




rec(>mmend tfiat: ^ * ^ J 

p^rtments should ba^* a library officer or committee responsible 
.for recommending 'books and journals for •purchase , checking the 
' ef ficienc^^i^^of th^^interlibrary loan scheme* and reporting to 
cotl^arguea on the speed with which new books become available 
' f br loan; f * . • ^ 

ii)' the interunlvejrs-ity committee should, if the need arises,^ 
* examii» and 'insure the circulation of information abovt new \ 
and relatively obscure journals; 
iii) 'faulty shouljd cooperate iji interuniversity schemes of coordinated 
. lifcrary^serS/ijjes. ^ ^ . ^ * ' * \ 



ll*. Computer services ^ • • ' / 

^Detailed investigation of computer services was outside out 
terms 'of reference; nevertheless brief visits yere paid to computer cOTtres. 
Our general i*mpression of the ^erVices provided was extremely f avoujrable.. 
Programming advisory services ^^^e j^dged^effectiye^^y faculty. and students 
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whom we questioned and the availability of libf'ary programmes appeared 
very Satisfactory, *^ \: 

It is important- that computer centres should have close links 
/with mathematicians, and Qther specialists to ensure that^ 

" ^ ^ ' ' * . 

a) full advantage is taken of current developments, for example 
by maintaining on-line the best available numerical analytical , 
and statistical packages, . , ^ . ' . < 

b) specialized problems are, where appropriate, refjB^rred j;,o a 
suitable specia^^rst, particularly in* numerical mathematics 
and statistics, but also »in other areas^ arising, for ex2£mp^6, 

^ in the work of the 'prpgramme advisory service. ^ ' ' 

^ The important and difficult questions of the coit of computer 
services and of th^ proportion of a university's effojrt that should be 
devoted to such servipes are siml^Lar to those for libraries. We were not 
supplied with dataCl^Hich could be the basis for a rational discussion of this, 

RecoiBpiendatiotiN>46 ' ' , 

We recommend that ^directors of computjer centres should review 
periodically the ad«^ptiacy of their collaboratipn with numerical 
analy$ts^statisticiari8^ and others with applicable expertise. 



^ k I 



•L * 



LIST i)F RECOMMENDATIONS 



Recommend'ation 1: Employment opportunities and limitations on enrolments 

We recommend that: • ' 

""i) fhe enrolment statistics be regularly monitored by the discipline, 
group in the mathematical sciences, and if excessive fluctuations 
either up or down,' occur that remedial action be Initiated; 
ii) the number of PhDs in mathematical sciences awarded by the Ontajri 
universities total about 40 per, year, with about 10 frpm-each of 



the four areas; ' ^ 



iii) ' that the figures given in ii) be reconsidered- for possible modifi 
tion at regular intervals in the future, 
(see A-25) " » ' 



/ 



PURE- MATHEMATICS 



Recommendation 2: University of .Toronto 



/ 



We recommend that: . * . 

/ i) the sp^ce available for the* mathematical sciences be iijereased 

and centralized; * * , / 

* ii) the MSc and PhD programmes of the dep^rtm^nt should be .Continued; 
iii) about 5 PhDs in pure mathematics per year should be pt&duced?^ 
iv) the whole programme of graduate work In -pure mathematics should* 
be reconsidered within the department ^ ) 



(see page A-33) \ .^^^ . ^ 

Recommendation 3:^ University of J^aterl^o 

We re-commend that: j '^ ' - .'^ 

i) there should be a unifq^rm qualifying examinatibn^tc^ intending 
doctoral candidates in pure mithematicsj itttV^di^ig those in the^ 
Department of Combinatoi|i'cs and Optim^^zatidn;* 
ii) the MMath, MPhil and PhD programmes continue to Strengthen their, 
minimum -standards; ' / " * ^ . 

iii) about three PhDs per year sh|ould be prpduc'ed 'in the pure mathe- 
matics area at Waterloo, 
(see page A-34) 

Recommendation 4: Carleton Universi/ty 



.2 



We recommend that : 
i) the MSc programme ^lontinyei; * ^ * 

ii) about one a year shotrlld be produced , in the pure mathematics 

area at Garletonv / , ^ 

. * (see p«ge A-35) 

. . V 



Reconmendaeion 5; University of Ottawa ' * 

• •». 

We recommend that:* ' ^ 
i) the proposed MAT- programme should be de^^elop^d; ' . 
ii). the MSc and MA programmes should continue; 
iii*) th^ doctoral programme in pure mathematics should coi^tinue 
for two years after which^its viability should be subject 
to external appraisal; ^ 
(see pag^ A-36) - - , * ' ' 

Recomm^ridatioa 6: Queen's University . - . « . ■ 

We recommetid tlxat the MA, MSc and PhD programmes should 

continue, ^t' their present level. 

(se^e page A-36) ' ' ^ ' ' 

Recommendation: 7: McMaste.r University ^ 

1 ' ' ^ 

We recommend that: ' * * 

i) the MS'c programme should continue; 
ii) steps should be talcetK to make the_^. analysis section of the PhD 
programme ^more in, lin^ witji .current ^interests and applications 
' l&i) subjectT to ii)', the PhD programme should continue aiming to 
produce one or two -PhD3 per .^Jfear^ 
# ' v(see page'A-37) 

Recommendation* 8: University of Western Ontario 

'We rec6mmend that: 
s i) the MA programmie should continue; f * _ ' 

ii) efforts should be made to broaden the PhD programme. In tThe 
m^ant-ime the programme, should continue for two years, after 
which its- viabi^ity^'should' be reappjsaised externally, 
(see page A-38)". " ' • • 

Recommendation 9: Universiiiy of Windsor-^ 

• , vfe recommend that the PhD programme p,ure mathematics be 
reappraised for its viability after tw^^ears, along with 
those of the University of Ottawa and tlp(l University of 
Western Ontario. . • • * 

(^ee, page A- 39)' ' , ^ i 

Recommendation 10: Lakehead Uriiverslty 

We recommend that Lakehea4 University should be encouraged tA 
submit^for Appraisal a programme for. a master's in mathematsi/cs 
unrestricted in scop'e and Qovering a degree by course work or 
thesis. - , ,1 

(se€F'page A-41) * 
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1/ 



Reconsnend a 1 1 o n 

i V 



11: 



York' Univarsity 



i) 
ii) 



iii) 



We recommend/ that: 
the»MA programme should canjtinue; 



special efforts should be nfade to^ involve York faculty In tha, 
supervision of research s1:udejits at ^other' unj.versities, especially 
the University of Toronto; ^\ ♦ ' * ' 

the location of the Dej5artment of Msrfe«natics vis-a-vis- the 
Faculty of Arts and other ladulties' ar\a colleges should be 
reviewed by the UniversityL 
(see page A-42) ' 



vAPPLIEI 



Recommendation 12: Introduction 



We recommend that: 
i) there is ^a general ne^d flor reexamining the rOle of applied' 
' ^mathematics; | \ 

ii) further, there will be ajneed for continuing reappraisal, with 
attention to research. anp training in applications with good 
> employment prospects in pnt|irio and Canada; 
iii) to ensure genuine contdqt with application^ much greater use of 
interdepartmental appoii|tmants is desirable, 
' (see page A-45) 



Recoimnendation 13: Uni^^rsity 



¥ 

iitrern 



ronto 



We recommend that, an iitffernal interdisciplinary committee, 
sympatfietic to 5^plied/ mathematics, reconsider .ToTOnto ' s' role 
in this area.. Si^y^/a /committee might well ►recommend the forma- 
tion of an independent/ department, 
(see page A-46) 

-Recommendation 14: ' University/ o{ Waterloo ^ , 



We recommend, with tne preca<iing c^^^^dxM^on^ in mind» a 
continuation of the jMMath and Pl^jVrogrammes at Waterloo, but 
wijjh incre'ased emphasis on areas>Tn which there exist non-academic 
job opportunities. /We also recommend that, In th^ jnear future, 
new appointjpents IJ^ made of faculty whose research is concerned 
with sujch arfeas- ' 
(see' page 4[-47) 

\ 



Reconanendation 15: Carle ton University 



/ 



We recommend that : 
' i) Carledtn University continue tp develop fts interdepartmental 

' MSc programme dn Information and Systems Science aift examine 
' the possibility of a cooperative programme in this -field' with 

- the University of Ottawa:^ * ' " - 

ii) the areas in which the PhD in applied mathematijis is offered 
be more precisely defined, 
(see page A-47) 

Recommendation 16: University .-tbf Ottawa 

We. recommend that the University of .Ottawa be eiicouraged: 
. i) the develop "Sin iTiterdepartmental MSc -programme in math€;iiatical 
economics; 

ii) to examine the possibility of a cooperative 'programme in ' 
the field of information 'and systems science with Carleton 
^^versity . 
• ' (see page 

Ptecommendation 17; Queen' a University 

* * 

We recommend continuation of the esfisting MA, MSc and PhD 

programmes in applied mathematics at Queen! s University, but with 
increased emphasis at the master'^- level on applications associated 
with non-aorademic employment opportunities. « 
(see page A-49) 

Recomjnendatiofi 18: University of Western Ontario " 

• ■ . ^ 

We recommend that tli'e University of Western Ontario continues 
its strong progransne in applied- mathematics, turning out' "an 

^ occasional .PhD. *Any other recommendations must be de^rred 

until after existing committees have succeeded in resolving 
internal problems. ' v 
(see page- A- 50*) 

* • 

Recommendatiop 19: Imiversity of Windsor: ^ 

% We recommend a continuation of these programmes, but with an 

internal re\5i€w in ^he ne^r* future of non-academic employment^ 
opportunist ies fpr graduates of the doctoral programme. ^ 
^ (see page A-50) . ^ * 
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STATISTICS 

Recommendation 20 UniveV^ipy of Toronto • ^ 

We recommend that: . 
i) there should be a reorganization as soon as possible of the 
whole of statistical work in the ifiiiversfty; 
ii) in the loeantime the graduate programmes should continue ; 
iii) there should be a regular statisj^al seminar- involving some 
; ^ collaboration with York IMiver^lftyl ' . - ' • 



(see page A-55) 

rsity <5f Wa 

\ 



Recommendation 21: University <5f Watferloo 




We reconmend that: 

^ i) current graduate programmes ^bould be continued and developed 

in the way proposed by the university^ 
ii) arrangements for "consulting"^ work with other departments 

should be strengthened; thexe shoqid. be increased collaboration, 
in particular with the University of Guelph and other nearby 
universities. * m 
^ • fsee page A-56) % 

Reconpendation 22: Carleton University 

' 'i - ' ■ ' . 

We recommend that: 
i) the MSc and PhD programmes continue in accordance with the 
university's plan; ^ 
the cooperative programme shoi^ld be strongly encouraged; 
the role of statistics and probability in the MSc in Information 
and Syste^ Science should be given an internal review; 
iv) there should be increased collaboration with the statJ^sticians 

at the University of Ottawa^ ^. 

(see page 

Recommendation 23: University of Ottawa . 

^ We recommend thatt ^ 
^ i) the programme of the group should be appraised within three ^ 
.years; ' . ^ 

i«L) there should be increased collaboration with statisticians ^t 
Carleton University/ — ^ 
(see page A-58) 



.Recommendation Que^' s University ' ^ ^ 

We recommend that : 
i) present graduate programmes should c^ontinue; 
ii) the STATLAB should be s t-r on gly encouraged ; 
iii) the breadth requiren^nts for the PhD should be reviewed; 
iv) the statistics group should have more autonomy, 
(see pagie A-58) 
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iRecomnendation 25: McMaster Unil|prsity ^ 

We reconnnend that: . - - •* 

i) th'dre should be a* reorganization of statistical work into a 
more unified form; * :^ ? ' 

ii) there should be an external reapprai'sal ^^work in probability 
and statistics' within three years; 
iii) Xn the meantime the present joint MSc programme and the PhD in 
ij)robability under pure mathematics shd^uld continue, 
(see page A-59) ' 

Recommendation 26: University of Western Ontario 

We recotranend that there should be, an. external appraisal of 
the vhole programme to examine, i^a particular, the criticisms 



listed above 
(see page Ar60) 



Recommendation 27: Universit y of Windsor 

We recommend that : 
i) additibital reSearch-oriented appointments are essential; 
ii) the h^c and PhD programmes should continue as. proposed; 
iii) additional contact with other universities is very important 
and should be^ developed. ' ' ^ ^ , 

(see page A-60) ' * 

\ 

Reconmendation 28': University of Guelph 

We recommend that: 
i) the mastjer's programme continue in accordance with the university 
plan; ^ ^j^. 

ii) there should be emphasis on a^oJ-^Sic^l statistics; 
iii) a new faculty appointment should put strong emphasis on research 
and that the fields of applied probability and biological 
statistics are particularly appropriate ;** 
„ iv) an interunlversity seminar should be instituted. 

(see page A-frl) * _ \_ 

Recommendation 29: York. University 




We recommend that : * 
i) the part-time gradjjATe' pri>g«nffie at the master's level shotild 
be f'ujrther /developed; 
ii) cons.tderal^on should be given to a master's programme ija 
appliecL/probability ; 
iii) there^hould be substantially increased collaboration with 
Uniircrsity of , Toronto, 
(see page A-62) 




COMPUTER SCIENCE 



Recommendation 30: University of Toronto * . • 

'J * 

i , , 

We recommends ' " . * ^ 

i) the continuation of the excellent. MSc and ?hD programmes in 
computer science at Toronto; 
11) an improvement' in interactive faculties; ^ 
ill) increased attention to cooperatidn with th^ staff of other 
Ontario lUniversities. 
(see paga A-64) 

* 

Recotoendation Jl; -University of Waterloo 

We recommend that Waterloo continue its graduate programmes^ 
maintaining the size of the present graduate student body and 
aiming at higher standards if possible, 
(see p'age A-65) • _ - 

Recommendation 32: Carleton University 

^ We recdmffierid that: 

the. propose^ interdepartmental >ISc prograimfie in Information* and 
Systems Science should be implemented^ , ^ \ 




some aspects* of this progrann]^^ should be subject to internal 
r€ 

lii) the ^iscussions of long range plans for developing a compre- 
hensive joint programme of academic work in computer science 
for the Ottawa area shauld continue under the auspices of ^ 
representative ACAP committee; . ' 

• iv) in three years tiii^ there should be a'A. external appT^sal of 
* the graduate progr-amroes in computer science in these ti^- 
' universities, 

(see page A-66) • | 

Recommertiation -33: University of Ottawa 

We recommend: ^ " i 

i) deferring the establishment of a new master's programme at. 
the University of Ottawa; 
ii) that the discussion of long range plans for developing a 

comprehensive Joint programme of academic woTTc In computer 
science for the Ottawa area should continue under the ''auai)ices 
of a representative ACAP committee; ' < 

liy any resulting proposal should be submitted for appraisal. 

(see page A-67), * , • 
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ReMitanepdation 34: Queen,' s University 

V 

We recommeni that Queen's give attention to ibntinuing to 
strengthen its MSc progranme, before proceeding further with 
' ' plans for a PhD prograrane. * . 

-X^- (see page A-68) 

Recommend^ion 35:- McMaster University ' 

We recommend Jjhat the existing MSc programme be continued , but 
that its adequacy with respect to core subjects in computer 
science be reviewed. internally whenever a new faculty appoint- 
' - ment is made. ^ 

(see page A-68) ^ 

» *' 

Recommendation 36: University of Western. Ontario 

We jiierefore recommend the continuation of the MSc programme 
without- qualification, but we»T:hink that the proposal for a 
PhD in ^computer science should be deferred. 
. (see page A-69) > - 

Recommendation 37: York University 

We recommend that: 
i) any proposal put forward for detailed appraisal should specify 
^ the collaboration involved with the University o^i^Torontb ; 

ii) before a proposal is put forward for an independent programme, 

two new- faculty appointments should be made. - , I 
(see page A-71) 



GENERAL CONCLUSIONS AND RECOMMENDATIONS 



^Recommendation 38: Inter^niversity arrangements 
We recomnjetid* th£ 

a suitable interikiiversity committfe^TTt the Mathematical sciences 



should 

i) produce every two years a booklet d^^cribing graduate work in 



It de^cribi 



the mathematical sciences in Ontario; 
ii) review library matters of j.oint intetest; 
iii) ensure that advisory committees of research students contain 

^ at least one member from another university; 
• iv) ensure that arrangements are universal whereby a research student 
• at one university is permitted to have as his principal advisor 
a faculty member from another university; 
(see page A-73) 



14, 
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-' k - . 

.Recoimnendation 39: Critical size df programmes. , , ^ ^ 

We recommend that the postgraduate booklet should show th^ 
numbers of master's and doctoral students working in each ^ 
university in the various are^s, and should contain a prominent' 
statement that the size of the group is a relevant consideration 
in decfding where to apply • , ' ' 

(see page A-75) ^ ' 

Recommendation 40: Movement of students between universities ' 

We recommend that: ^ 
i) the "booklet on graduate work should contain a strong statement 
about the advantage of having worked in more than one university; 
ii) those' advising^ fourth .year undergraduates should feel obliged to 
point put the advantages of a move; 
*iii) the Interuniversity commi.tt&e should produce and circulate each- 
year statistics for each university of the numbers of Canadian 
and non- Canadian, master's and doctoral students registe^fed- and 
' the munber of those who have studied only at the university in 
question, ^ , 
(see page 'A-76) , 

Recommendation «41: Part-time students 

We recommend that : 

i) part-time master's c6urses including statistics and computer 
science should be engpuraged in the main population centres. 
The^y should be at the sama academic standard as corresponding 
courses for full-time students; 

' ii) courses for school telachers should be broad and also include the 
opportunity to study statistics and computing, 
(see, page A-77) - • 

v^ilecommendation 42: Mathematical work in other departments , 

We recommend that^regulations allowing joint supervision of 
research students by staff in nxfre than one faculty should 
be encouraged. * ' 

(see page A-77) " , 

Recommendation 43: Comprehensive doctoral reqtiiffements^ 

We recommend that: * ^ ' 

i) comprehensive requirements for student$ in applied subjects 
^ ' should be broader and -more flexible. They should include the 

possibilities, both of studying pure mathematics to an advanced 
level and of making a deep study of appl'ications; 

ii) graduate students' in pure mathematics should be advised to 
study some applied topic. 

(see page A-78) 

« * 
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Recdmmei;idatlon 44: Topics for research 

^ We recommend that: 

the iuteruniversity committee should every few years review topics 
^ , of especial promise in which fewer students are working than is 

J ' desirable, the objective being a shi^t of emphasis from thesis 
topics of a highly specialized character to those of a broader 
and interdisciplinary kind; 
ii) the interuniversity committee should provide in the graduate 
booklet informatiofi both on. the numbers of completed theses, 
for each of the main special topics, and on thesis titles and 
supervisors. • ' * - 

(see page A-80) • * < n 

Recommendation 45: Libraries » ^ 

We recommend that: \ * 

i) departments should have a library officer or committee responsible 
for recomntending books and journals for purchase, checking the 
efficiency of the interlibrary loan scheme, and' report iftg to 
• ' colleagues on the sp^ed with which new books become available 
for loan; 

' ii) the intjeruniv^rsity committee should, if the need arises, examine 
and ensure the circulation of information about new ^d relatively 
obscure journals; 

ill) faculty sl»ould co'operate in InttH^i^^i^slty schemes of coordinated 
library services. ^ - ' 

(see page A-82) 

Recommendation 46: ^ Computer services 

,We recommend that directors of computer centres should i^eview ' ^ 
periodically the /adequacy of their collaboration with numerical 
analysts, statisticians and others with applicable expertise, 
(see page A-83). - * 
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Procedure for. Mathematical Scleiy^es Planning Assessment 
^' 20 December > 1974 ^ 



/ 



A - Interpretation* 



Acronyms ; 



This document uses several words* in specialized senses. These 
meanings follcjw. \ * 

' ^: ■ 

Council of Ontario Universities | \ 7 

Ontario Council on Graduate Studies, an affiliate 

of ecu. ^ . * 

Advisory Committee on Academic -Plan^ling, a committee 
of OCGS, established by By-Law No. 3 of XGS. * 
Council of Deans of^ Arts dnd ^cience, ,ah affiliate 
of ecu. ' ' . ' 




TOU 
OCGS 



ACAP - 



CDAS 



Appraisal : 



Appraisals r 
Committee ; 

Area: 



Consultant: 



Discipline 
Group : 



Graduate 
Programme : 



A mathe^tics exi5ert whose functions are explained below; 
there are two advisors for each area. \ 

A procedure leading to a decision as to" whether or not the i 
quality of a prograimme is or will be adequate; the unfvefttties 
have agreed not; to begin new programmes without fir^t obtaining 
an appraisal and- not to add new fields to existing programmes 
without referral tQ the Appraisals Committee to decide if an 
appraisa^l is required 



A committee of OCGS, established by By-Law No. 2 of OCGS. 

One of the four- divteions of the mathematical sciences Osed 
in this planning assessment, viz. pure matiiematiQ^ j ^ applied 
mathematics, statistics, computing science.^ 

One of three persons who are Consultants to ACAP and whose 
functions are described jftore fully below; they are aided, by 
"advisors." 



Refers to the Mathematical Sciences Discipline Group 
constituted as authorised by OCGS bn 15 November 1974. 
See Appendix I. 

The word "programme" i^ u^ed- to signify Jp.1 aspects of the 
graduate undertaking, of a department CoJx-tnatirt^te, etc.)»« 




Planning 
Avsessin&nt * 



^Reports ; 



• l^clu^rig the.actifal attd'planned^ faculty s'trength^ extent 
an4^1imltati*onet-'0{ ^reas* of j,resear^h*)ppecj.allzatfi^ reisearch 
facilities,' and curriciiliffij^ 

"v. ••; r ■ - ^ 

A formal re-fiew of current ^d pxojecied graduate programmes 
wit^h^n a' discipline or ^ group cTE disgiplineg, 'in this case 
within the luathemafic^l' scleltfees and embracing the four* 
"areas" lasted' abov^^. * * • 

Foi^ types of reports ar^' referred to and described in this 
procedure: « • 

a. An Area Report, wrijtt^n by area advisors 'and submitted 
tp the liiiversi'ty conjcepted, the consultants, and ACAP. 



0 



c. 



he conftultants 
as described in 



University 
Plan: * ' 



The Consultants* Report, writt 
and submitted' to'*4CAP, and dea 
Secti^ G2. * ^ 

The AC^tfNReport, written by ACAP and. subjjiit'ted to COU. 
V'A draft fwm is first provided for pomrngpf t^o universities 
• and to the Discipline Group. ' , ' 

d. The COU Re|)br1?, qontaining^ CDU's recommenda^ns to tTie 

Ontario -Council on University Affairs atid toffee universitie 

four areas ^s further subdivided into f tex^. 

Denotes the officii statemej^ft made by a universit)* in 
accordancB with paragraphs Z7 Jand CS.belov.- 



Each of ; the 



3- 



^1. 




B - 'Choice of Consjultaats^nd Advisoi^s 



%2. 



B3. 



^ sha^liP'Kf three cpnsultants, two of whom shall njlLmathematicians ' 
of Int^epTation^l^iltAnd^hg With breadth of outlook^on tn^ matRematical . 
scieiices ^nd witt, suitable admlpt* tfVatjjVe or consultl^ng experience. . ^ 
The ,^third «cpnsult£^t:"'shal3. be a person of vide academic experience 
In $anada|J^H^ not in iBathemat«ics. No coi^ultaiit shall be on the 
permweAi^taf f of «h Ontario university. ^ * * * 

ACAP sh«il^l4 the Discipline. -Group ta^:et:hex.to discuss the^^oice 
■ of coij^ultants %nd to rfominate a list of 'about ten pdt^ntial consultants 
If it ^demc desirable, 'ACAP fflay^ also propose, n^es , but they siiall" 
1),e approved by the Discipline Group. ^ 

From resulting list, -ACAP shal,l eeledt Its consultants. 



\ 
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B4* There shall be, eight advisors > two ffe ea^h area- Each advi^o^'* 
jshall be an acknowledged expert in the relevant area and at least 
•one advisor in each area shall have extensive experience with 
' . graduate work* N(3* advisor shall b*e on. the staff of an Ontario univer-^, 
sity. • ' ^ ' , 

• o - I , , 

* ' 35. The Discipline -Group shall establish fouir ad hoc area sujp-coinmittees 
for tfhe purpose of proposing jiames of potential advisors for each 
of the four areas. Each subcommittee shall co^pist of persons- who 
work in the area question and there. shall b'e one member from 
each university that .proiJoses to offer graduate work in the area; 
in so far as possible the members of^ the subcommittee^ shall be ^ 
members of the Dis^plin© Group. Each subcommittee shall meet with^ 
an A£AP representative to discuss the choice of advisors and to 
prepare a "list df at least eight nominations- These nominations shall 
b€^ ^^^jjgd .to.ACAP through the DisciplinSf Group \vhich-aay ^mment 



on tll^ehoicj^s 



B6. ACAP. shall select the 'advisors frca these lists, and may obtain help 
the consultarts in di:;ing so. . 

C - Collection of Data and of University Plans' 



01. ACAP staff 'will prepaVe draff forms and instructions for collection 
of data as described in paragraph C6. The Discipline Group will 
exramine and^ommeat on these fornis and ins^tructions , in particuSat* 
on the choiceVof fields. * . V , 



C2. .After the forms have been, completed by the u9iversiti$^, ,the Dl^<^ipline 
^Gtoup wiHi^exaii\ine the data supplied,, and indicate any -inadequacies' 
or irconsistei>cy^,^f reporting 'Standards. i' - 



C3. The Discipline Group -will consider' and discuss also the miivera'ity 
' ^ , plans submitted. Th'^ Group may make suggestions tQ esx individual 
--\infVersity or tfe ACAP as, a result of these discussions. . 

rs^ns of C3 were to.- lead a university 19 modify lea 
I'l so notify ACAP. ^ ^• 



^ ' . 04* U Jj|^discjjM< 
. . • > pl^it wWl; 



C3.. If a univelisity changes its. -plans at any time before the completion, 
of the iD^nfti-Dg' assess^pt^ it, shall notify AqAP of the changes. 
ConsiILt#!Cs ^are instn^red to disregard any material provided to 



them'whicfi is at variance with the statements provided by the 
university through ACAP. * ' - ^ *^ 

C6'. ^8tch' university is tjo sup'ply^o ACAP (In the form decided ^following 
'p^cedure Cl^ the following inf orma^tiorf: \ ' 



-^^^DC6 
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(a) the ^reas and fields currently offered for master's and 
doctoral work * ' ^ 

.\ "(b) for each-area^and ^ield current lists of faculty members, 

nutnbers of faculty* members , enrolments, degreei^ granted and 
drop-tits in previous years ' 

(c) Curricula vftarum df ^all faculty members now engaged in 
gradifate instruction or soon expected to be . . 

^ (d) historical daCa on graduate Students covering, (O _ 

(±1 ' enrolment ^ • , ^\ ^ \ " ' ' ' * 

\ (ii) immigratiori Status and country 'first degree 

* ^ (iii). financial support • ' " 

(iv) drop-out number v 

(;v)- ' degrees granted ^ ^ . ''^ 

(vi) post-graduation employment of PhDs 

(vii) employment of ABDs 
(^iii) list of doctoral thesis topics 

'(e) data oh the undergraduate l)as6i'^in particular enrolment in 
work leading to graduate study ' * , 

(f) ^data and statements on resources of space and laboratory and 

cc«>uting faclliti'^s ^ ^ ' ' 

(g) data and statements on library resources, in a form to be 
worked out in exjunction with 'the'^Off ice of Library Coordination 

(h) support from related departments 

C;- y.) interfuniversity ai^rangements for graduate study in matheiifetical 
\sciepces ^ *~ ^ , * 

Each un4.ver^ity is to supply to ACAP a' stat-ement of its plans for 
the future o-f graduate wark in the mathematical sciem:es,'in as much 
detail as possible, undep^ each of the headings (a), (b) , (f) , (g) , 
(h) and (ij in C6, jlhcluding explicitly, the planned numbers^o^ ' ^ 
facjSlty and gradua'te students in each area for the- next ^five years* 
Thespians shall treat tlje years**' 1975-1980 if dejtail and sho^uld look 
ahead to about 1985."in outline. The plans should ie accompanied 
by ^arguments suppprting their appropriateness and shoufd consider 
the projected ^rirftlments In terms, of the sourVes and motivations 
♦ '^Nif^otential' students. Since the consultants pre to deal, with changes 
in the .field emgjj^is and in methods and content of mathematical . 
graduate e^uc«tfian, any plans bearing on th6se topics should be 
presented* It is expected^ tfTat the plans presented in respons^ ' » ' 
t6 this procedure CC7) will b^ largely generated at the departmental 
fevel, an'd may contain components on which theUiniversity cannpt . j 
commenr^t this' time; thef statement shall however be^ submitted by 1 
the uniii*%6ity (through the graduate' dean) thereby^ ensuring that 
it' doesAiot contain anything that is at variance with the general 
university plans, policies or expectations. 
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C8. In addition to the material^ in C7, the president (f^ach university ^ ' 
is to make a statement concerning the university's plans for graduate 
work in the inathematical sciences. This statement may comment on 
the C7 statement and should at least explain tbe extent of. the ^ \ '* 
. university commitment to the projections ot faculty numbers and 
anticipated enrolment. ^ , ' ^ ' 

■ ^ . : 

C9. • The dates for submission of these various reports shall be^fixed^by 

ACAP . . ' ^ ' \ 

D <~ Terms of Reference ftiiL Consultants and Advisors * ^ 

^~ ^ , ^ 

Dl.' The consultfeits and advisors will meet with ACAP representatives 
for briefing. The consultants and advisors shall meet yflth the 
Discipline Group to discuss the terms of rJference aQd practical 
arrangements for visits. If desired ^ consultants may at this 
stage suggest refinements or clarification^ for inclusion in the> 
terms o^ refertnce^ if such suggestions are approved by ACAP, they, y 
will require ratification by OCGS and CpU^ ^ - / ^ 

D2. The consultants and advisors shall consider the data and -plans 7 < 
described in section C and may obtain other data and »views from 
any relevant source,' such as employers ^f holders of 'graduate ^ ^ ^ 
^ degrees, professional and learned societies,, the Science Council 
commission on mathematics. Theyshall acquaint' themselves wi^h 
the COU principles- governing plannirtg assessments and with some _ 
completed planning ass'fessment reports- • , - 

D3. The consultants and advisors shall vis-it wiiversities^ in accordance 
with a schedule established by t-tie .consultants and ACAP^ The 
detailed agenda for a visit will need to be. established well'in 
advance of the visit. The visiting team shall include at l^ast ^ I s , 
two of the three consultants and at le^st one advisor for each 
of (the area^' in which the university proposes tp giv^ graduate 
wot\, ' If doctoral work i-s involved in an area, both 'advisors ' 
• shall visit. At eaCK^unlversity- the consuitajjf:^>7ilJ. meet with . ' 

the various appropriati^of f icers (deans, , librarians, etc.) and-* ' . ^ 

with the chairman of 6ach departmertt involved in the asse&sment.^ 
""They Mil also„ pjeet with staff and students of at least* some of ' ' 

"t>he areas concerried.\^ An, advisor wiy.1 spend most of his time with 
the' staff and *frtudents\ of his ,arfea of e^tpertisa, but will also 
meet with the chairman) ^d With senior officers if there are ^ , * 

. particular matter's concerning his area on which he needs information 
. from such- sources. / • ' ^ . 

D4.^ Apart from t\ie initial meeting with^ the Discipline Grdup, the 

- ^6nsultants may arrange/pther meetings with the Disciplirie Group, 
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as they eel. necessary or at the retjuefft of the Discipline Group, - 
in either case after consulting ACAP. ' v ^ 

D5. 'The consultants and advisors shall prepare reports as described 
'in sections E and F. . « 



w • * E - Area Refports 

. / ' 

El, For each university, there sh^all be. pre^red In Area Report for " x 
each area in which that university offers or prcJposes to of fer 
graduate work. Tirese reports will be 'drafted the two advisors . 
in the area, even if only one visited, arid ara to be finalized in 
consultation with the consultants vho visited the university. 

52. Each Area Report will deal with, on&-universi ty,only and will * ^ 

cover the following: 

(a) Fields - for each field, disci^s faculty 'numbers , student 
numbers, courses given, course enrolments, quantity and 

Equality of .research' output ,*^umber of master *^s and PhD 
degrees awarded, suitability of doctoral thesis topics , 
quality of doctoral tb^ese^ , ^ • * • ^ 

(b) Can the current staff deal with the t\umber .o\ students 
projected for%five years? If not, what* additions seem 
necessary? <Undergradu^te lo^d will need to be con'sTdef^d. ) 

■ ^ (c) The location of »the undergraduate traijjlng^ of the students 

(d) ' Ccmiment"*on the adequacy pf research and study space (office " * 

space) for staff^^and students. Comment on other physical ^ 
facilities, including composer adequacy and computer avail- 
ability to the graduate student 

^(e) Discuss library resources on th« basis of regort supplied 

(f) Examine and comment^ on admission standards and, if possible, 
,on the academic quality of the graduate st^udent body 

(g) For doctoral programmes for each field • indicate the quality 
of education offered the student, u^in^ the-/ following 
categories: . 

' ' (1) outstanding (.e. g. ' con^parable^ With t^e , best in the world) 

** ^ * Xii) excellent (e.g. .in the top four or'fiv.e 'in (panada-)' 

• * *' ' (iii) ^competent to good (e.g, there would be' little hesitation- 

- in advi'slng a good sty^nt;^o enter the iprognamme) • ^Cf** 

' '» Mv) questionable (e.g. either the quality is inadequate . « 

or further study is r-equired ft) establish- its -adequ^y) ' j ' 



A-lOO 



•The jAgeinents should b^^ustified by a discussion^ and should refer 
to the current state, but if ahy change (In either dlrectioni can be . 
confidently foreseen ,it should *be reported. 

' - ' 

E?. '(h) List the fields 6f the area in which doctoral theses ^twuld - 
at present be supeijvised witH explanatory comment if desired 



(this is particularly ^p)ortant for progrannnes with fields, 
in categories (iii)''and Civ) but "is requested £or all programmes 



E3. Eacri Area Repott shall be subiQ^tted to ^ m 

(i) 'lffie*^iversity concerned ♦ 
^ Xli) the consultants f 

(iii) ^ACAP 

^ Area Reports ave NOT to be published or further .distributed except 
that, if COU feels that an Area Report >s relevant to- the^ f fn^l COU 
discussion of. the ACAP report, the Area Report will be Wde available 
'to COU, but not for publication. . ^ . 

E4.' All Area Reports will be distributed simultaneously. 

E5. Eacli 'university will be invited to comment as it sees^fit on each^ . 
of fts Area Reports. .The university comments will be submitted to 
ACAP and transmitted 'by ACAP to the;t:onsuitants end advisor.s. The 
^ university comments will NOT be published pr further distributed, 
except to COU on its" request as with Area Reports. 

F - Consultants' Report ' ♦ . 

Fl. After the deadline for receipt of comments on Area Reports from the 
iiniversities, the consultants shall draft a single Consultants' 

* Report. ^ will b$ based on the material, described in^D2^ the 
Area RegD^r, the coinnents -thereon and of course their university 
visits. " It is important that the^easoning behind the recommenda- 
tions in the Consultants' Report be apparent, and to this end they 
should include information from the Area Reports ip any mafiner which 
seems to tfeem to be appropriate for their own report which will be 
a public document. They may 'also obtain assistance from their 
advisors ontgeneral 'consideration^ concerning the development of . ^ 

. the. four ^reas in the province or more widely. ^ 

F2. In thjfeir report, the^ consultants shall: 

(a) /ciy^ a general discussion of the current sta'te of gradi^ate • 
* - , training in ^nathematical sciences in Ontario inoluding at 

least the following topics:' * r 
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gen^pal level of quality ^ 

sui^tability of graduate programmes as preparation for 
sequent employment 



any si;|nificant gaps in coverage of fieldi^ ^ 
any overemph^asis on some fieldCs) 

summary of material in items* E2(a) (d) and (e) of ^ 
Area Reports 

adequacy of research funding fot support of graduate 
programme s • 

relationship' to* related disciplines 

■ f 

Discuss changes in field emphasis or in conxent of appl^icability 
of mathematical- graduate training which should be expected and/or 
encouragea in the next decade 

Discuss society's needs for holders of graduate degrees on *a 
^ive to ten year basis and in this connectiom comment on the / 
planned enrolments submitte4 by the universities. Discuss t^he 
rikely number of well» qualified applicants for admission, 
allowing for changing patterns of iranigration, and^ compare 
.with the universities' eprolment projections, ' (It is recognized 
that' the consultants are, npt primarily experts, on manpower 
projections and, while the aboVe discussion is ^ essential* 
part of the planning assessment, corrective recommendations 
will be made by CO U -only if there is a gross mismatch between 
the universities' enrolment projections on. the one hand and the 
antiiipated total of well 'qualified students or a reliable * . 
estimate needs on the other.) 

Discuss the relationship between the size of programme (enrolment 
an3 field scope) and* the quality of txalning^it of fers, a 
student. Consider the role of postdoctoral fellows in this 
connection ' • . ^ • 

Discuss any other general matters important for tne developm^t' 
of graduate work in the mathematical sciences in Ontario 

Make recommendations concerning trhe most significant points in 
the above discussions (or otherwise emphasize their importance) 

On the basis of detailed assessment, recommend the role to be 
played in the provincial partem of graduate education in the 
mathematical sciences by every afea proposed by a university. 
Some possible recommendations ar^: continuation in' accordance 
with the official plan submitte'd by the university (C7 and C8) , 
or a lAore restricted underxaking either in numbers of fields or 
students, or a larger or broader {>ro^ramme, ^r suspension of 
enrolment, or dis continuance *»if t^ programme,, or. continuation 
in eoipe form if succes9ful in an appraj^sal, 'or l^nit^ation of a 
new programme subject to appraisal, or jo;|.nt programmes br 
cooperative ventures ' , ' ' 

y 
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*In all cases, it is important that the rationale for reconnnendations 
be clear and the consultants should 'give their judgement of the standard 
of each subfield by university in the same mariner as described ^r Area 
Reports in item E2(g). ' , 

(h) Discuss the realistic possibilities for cooperative activity 
' involving a mathematical sciences department and another 

department or institute, either math^atical or not, either 
► in the same university or. another^^wake recommendations as 
ft. seem appropriate, for specific cases,' ' 

F3' The llhsultants shall submit a draft -report to ACAP to permit ACAP 
• ,to ensure that it meets the terms of T^ference listed in F2. The 
Consultants* Repor^will then b§ submitted to ACAP. 



^ G - ACAP and^ CPU Reports 
Gl. ACAP will then prepare a draft ACAP Report*' 

,G2. ACAP shaH send its 'draft Report* with the Consultants' -Report as' 
an appendix to the universities and to the discipline Group fpr 
comment on both these reports. At this itage, or during the . 
preparation of the ACAP draft Report, ^ere could be meetings 
betweea ACAP .representatives and the Discipline Group and/or some . 
universities, if any party requested such a meetii^. There ctotild 
also be referral of q^uestions to the consultants by ACAP and any . 
material p_rovided by fhe consultants shall be published AGAR 
'if it has been used^^or its Report. 

GTt^The comments of the-MsciplUne Group on the. Consultants' Report 
will be published,. as ^Vill tfiose of- aay^ university so requesting, 
but the comments on the ACAP draft RepcJrt will not he published. 

G4. After receiving the comments, ACAP will^ prepaije the final ACAP 
Report and submit it t^ CPU with copied to PCGS, CDAS and the 
, Discipline Group. — * 

G5. CDU wi.ll not take final action on the CPU Report until it has 

allowe4 at least one iM)nth for the receipt of any written comment 
* on the ACAP Report from univereities ,v PCGS , CDAS or the Discipline 

Group. CPU will^jdecide what comments it will publish. As a 
^ minimum, CPU wi!^ publish the CPU Report and the ACAP Report 

including the Consul tantg* Report and those comments on the 

Consultants' Report .that are »to be published. 
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Appendix I 

Mathematical Sciences Discipline Group 



Establishment of Group ^ * ^ 

a. On November 15, 1974, OCGS author.f^ed the establishment of a 
Mathematical Sciences Discipline Group with the following 
n^mbership*" -two from each university intending to carry on / 
graduate work, and containing at least three person^ working < 

in each of the four ajeas: pure mathematics, applied mathematics, 
statistics, computing. If .the person3 nominated by the univer- 
^ . sities should not include three from each area, ACAP is to'coopt 
additional professors «to make up the necessary number. When 
there are matters for which it is desirable to have input from 
every university concarn'ed with one of the fdur areas, the 
Discipline Group will be expected to establish ad hoc subcommittees 

b. Changes of a university's representative are to be notified by 
the executive head. - • " 

c« The Group^ shall select its own chairSian. - * 

; • 

Meetings 

a. The Discipline Group may meet sit the call of its chairman or in 



.accord with its" own arrangements. 



The Discipline Group may-^^'e called to meet by the Executive 
Vicp-Chairman acting f<5r ACAP,. 



Responsibilities 

y « 

a, COU has ihXtructed ACAP to conduct a planning assessment in the 
Mathemati5cal Sciet\ae§Tand the Discipline Group will assist and 
advise/ACAP and generally facilitate the assessment . 

b. In the/ruture, the Group is to keep under review' the plans for 
gra^^te work in^the Mathematical Sciences in Ontario, including 
now developmeitts an4 trends in. the discipline, and to make' reports 
to ACAP on a regular basis; For this purpose -ACAP will assi'st 
the group in obtaining information and dataf, as mutually agreed. 



c. The Group may make recommendations to^ ACAP in connection with 
graduate j^^rk •in the Mathematical Sciences when it considers it 
appropr^irate. 
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response:. OF THE MATHEMATICAL SCIENCES DISCIPLINE GROUP 
TO THEL-CONSULTANTS' REPORT 



Th 



e Discipline Group met on August 25^ 1976 in the offices of 



^,the COU to discuss the report. There^was-a general feeding of- satisfaction 
with its overall views and recommendations - we felt that the advisors and 



consultants had done a commend able job considering the enormity and com- 
plexitypof the task. We sincerely hdpe that this repoFT^aTtd the decisions 
made by the Disc,ipline GrouD itself witl lead to tin improvement in the 
already high-quality of the Mathematical Sciences in Ontario not^ed by the 
consultants'. ' ' * 

Most 'of our discussion centered around a small number of topics whj.ch 
were thought to be of particular importance and which are dealt witlL_ 
separately %elow. • * ' ^ ' - • 



OPTIMAL NUMBER OF JSRADUATf STUDENTS 

The 'Discipline Group was very disturbed by ^e conclusion .that a 

*figure of around 40 Ph.D. 's per year would be' realistfc far the period 

. 1-975-1 9£0 (see page.A-23) 'and by the statement that the number of Ph.D»'s 

in each of the four areas shoul^ be roughly equal. Certainly a figure* of ^ 

-around 10 Ph.D.'s per year in Pure Mathematics seems to us a reasonable 

« 

number. Irt Statistics the figura of 10 i^ possibly low> if not -now then 
very likely' in a few years. Several departments in Ontario have * recently, 
had considerable difficulty hiring Stat'^isticians , and in addition there ^ 

may be an increased demand in non-academic institutions^n the near fut^^e^^ — 

* * y 

Iii Applied Mathematics the possibilities of" non-academic etnployment could 



ERIC 



t 



B-2 • M'^S; - ■ 

\ 

create a need for 'more Ph.n.'s in the early 198rO's, w^ch would call for 

an increase in -the number of students in. the next t^;;^r^three.-irears. ' The 

difficulty of making reasonable estimates for the number of , Ph .DJ ^ required 

in Applied Mathematics- is aggravated by the presence of other university 

departments which provide similar graduate instruction (for example/ 

Engineeriag afid Management Sciences), . ^ 

In the case of Computer Science, the figure of .10 is far too low 

► even at the present time and a figure of 15 to ZiTwould be much more 

realistic. For example, the U.S.^ produces somewhere in the neighbourhood 

V 

of 300 Ph.D.'s per annum iti Comput,er Science, so on a per capita basis Canada 



m 



ight be expected to produce 30. In view of the pmall nymber of Compute 



Science Ph.D. programs in Canada, Ontario might well be expected to produte . 
about ^20 of these. There. is a continuing deraaAd.in both the academic and 
non-academic worlds for graduates^ .indicated, for example, by the paucity, 
of post-doctoral students available. 

-We should also like to' point out that recent statistics given by ^ 

k 

ACPiP indicate that the actual number of Ph.D/s produced- annually in each 
of the four areas is tend^pg towards -numbers which we suggest above. , 
They appear to demonstrate that the gr^uation of Ph.D» s/ln Ontario during 
ttie next'^few years will be as, close as one jjould .reasonably exjiact to the 
employment opportunities' availa]:5lje . It shouTd also be pointed o^t, of 
•course, that the recent changi in graduate, financing by the province of 
Ontario will tend to 'reduce graduate pop|d^tion figures. . 

Our group *feels that continuous. monitpring of the graduate student ^ 
population iVi the Mattiemat leal "Science^ in Ontario (Recommendation Li)) is • 



a good idea and that itlW-S function can be carried out adequately by the 
Discipline Group-. ^ ^ 

/ . - *f • 

LENGTH OF PH.D. STUDY. 
In the second paragraph on pege A-15, the consultants state that 
the time\^£uiped for the doctoral degree should npt exceed three or four 
y^ars- of full time study beyond the bacealaoreate under normal circumstances 
We disagree with this view^and' feel that a more appropriate figure is four 
to five years, especially ih vi^w of Recommendation 43 which suggests that 
more comprehensive requirements for students* both in applied' subjects and 
in^ Pure Mathematics are desirable, and also in view of the consultants 

stress (with which w€ agree) that the emphasis on graduate ^^d^ieat ion in 

«= • < 

^Ontario shduld be on quality* rather than on quantity. 
> 

%1ZE OF GRADUATE PROGRAMS, INTER-UNIVEJISITY COLLABORATION 
^ ^ AND GRADUATE SUPEilVISION 

In.chapt^ III, section 3., the cqnsultai^s state .that most 
research students* should work 'in cenjtres where' th«^are an appreciable 
number, five or tftore research stjydents in their a^ea, but that other de**- 
partments wi-th the facilities to provl^de programmes of the necessary 'quality 
should not. be* hatred' from doing sb". •* The Discipline Group is in agreement ' 
with the notion that it is generally advantageous to hav^^eVeral students 
in each area but would like to stress 1hat,nnore generally," the level of 
activity in an area is the essential ^ctor. One manif esta£ion of- such 
activ4t<y is cefta'inly the presence, of graduate stud^ts,^but ^thefl are. ' 



L 
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obviously others as well: the numbers of faculty and post-doctoral students , 
(and their publications), frequency ff seminars, etc. 

% in the same section, it i^^^^TS^ stated that "it is not economically 
viable tp mount a thorough piirogramme of course \^ork within *an^ area without 



a 



'Reasonable number of • studeAt s" . Th^s seems to us perfectly clear and 
we feel that it is unlikely that a university would allc^ a' graduate^ 
program to "remain in existence il the nutnher of students dwini^es to 
'su^h a point'. This is, of course, also a matter which would be, and " 
' probably should be, monitored by the proposed inter-university coimittee 
on' ttift Mathemat ic^X^ciences. . ' ^ ' 

The consultants also allnide to the fact that the stimulus for 
• research in mathematics heed not come from an active graduate student ^ 
program bi;t can come f rim^interaction between faculty members and post- 
doctoral students, We are in agreement with this p©i?it of view and we- > 
feel, furthermore^ that the universities should do more t9 promote such 
collaboration, 'not only within each institution but with mathematicians A 
in neighbouring institutions. To this end' we suggest fehat the univef sit iifs 
provide some financial assistance to augment Jhe uge of NRC operating grant^S 
for such collaboration, by using some, of the _fiinds made 'available from cuts^^ 
in the graduate student population. In particular' because of the isolation 
of Lakehead ^nd Laurentian Universities, " the Discipline Group recommends 
that- provincial funds be provided f*v additional t'ravel by faculty,^ students 
and post-doctoral students from these two instrltutions to encourage their 
collaboration with J^thers. • ' . ' 

A matter closely related' to this^Hs the' consultant s * ^ggestion 
'^ha^Jh.D, students be allowed to cho-ose a supervisor at a different 

lb J - 
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institution, and that in any case all Ph.D.* supervi'sory committees rikve- 

one member from' another insti^tiofi. ' The Discif^line Gfoup enthusiast i-cally 
■ supports thl& -proposal- w,tth^$he ^proviso that such an arrangement be^- 

strongly encouraged but not rsandatory, rqr the obvious reasc^n that^-there- 
;* will certainly be circumsFanceg under which it would- be highly impractical. 

We ffel that the appointment of ^external 'advisors wouXd, not^q nly b e of* 
^ benefit to students "but would ^ost^ collaboration among the faculty in 
♦ the province, and we recommend that^each university provide the necessary 



^ trave.1 funds to enable the»stuci»nt and the external advisor to meet ^ , • 

regularly* We believe, in fact, that many institutions already have such 

' " . • * ft 

funds available. * ' 

- ' / . ^ . - ' ^ ^ ' , - 

^ V ^ MASfER'S DEGREf: , ^ \ 

. ^ ' ¥|i^e was some feelijig In t,he Discipline Gr^MJp that the consultants 

' did not deaj^as 'adfequateLy as they might liave with the master ' s ^degree 
-The' Discipline Group was ifh an'^g^^nj^l^c ow^^^i^ th^t any university 
offering a, master's deg^^^e should be allowed^^'^grant the degree either^ 
by course work, an4 tho^is or by course work alone. The Discipline* Group 
afs^o heari;ily^ supports Recpiranerfdation 41 i) that part-time study afthe 
9 master's level be encouraged, * 

" . m • , / 

' ' * ' * ; UNIVERSITY RECOl^ENDAT IONS • *iC \ 

, ' . fhe Discipline Group fA,t rhat responses to the recommendations 
* ,^jncerning individual univ^sities are best "tuada by the institutions ^ 
' t:hemselves\ There was, however ,som^dis^ssion on several , of the ^ , 




recomlnfendat ions which we stiould like to report. • r 

First of all, in £he introduction to the -area reports on CompY*^ 
Science (p.A-63), the consultants "see some danger of an isolation o< 
Computer Science from the other areas in the Mathematical Sj:iences and 
they state that ''ffie links - between computer ' science and relevant areas of 
pure mathe»atic», especially algebra, and betwe^^ computer science ^ and 

. 1 . ' ' 

applied mathematics, numerical analysis, and . statistics , all nefed 

' . * * ' • ^ 

strengthening". ^We feel that these statements might be interpreted" ds 
imply^*l,gjjthat Coiftputer Science should weakfen its ties with ot^r university 
di 



iscipl^yls s^fcti^as Science, v^gineering and Social Sciences. 'Such ^ step 
:rogressive and to prevent such ah interpretation, we 

would hav^us^d th^ phrase ^*to be maintained"' in -lieu gf ," strengthening" . 

* . ^ ' ' r 

anoTFTer^ point , the consultants not'ed, In the area reports ^ 

se^eral\lnstitutions, that Ph.D. theses were less than satisfactory. • 

Se^ral members- of the Discipline G^oup felt that these statements were 

erronegus since many of these theses^were published in journals of good'* " ' 

repute, and,, more., impbrtantly , the amount of time available to the advisors 



and consultants to for^oi^uch judgments was inadequate.' Others felt that 
certain cone l^us ion s^ regarding the quality of theses were possible ^nd that 
in anv case .the^^omments of th^ consultants thereto should b^ accepted as 
tTieir honest opinions. ^ - ^ _V 

^ ' # </ , . • 

^ SUMMAI^Y ' ^ ' • 

1. i^The Discipline Group agrees that" the proposed number * (10» per annum) ^ of 
Ph.D.^s in Pure Mathematics is* reasonable. In the case pf-ApplieH 
Mathematics- and Statistic^, the figure of 10 is about fight ^f^e . . 



, moment, but will likely be too^low 5 or 6 years from now. In Computer 

4 

^~ Science a figure of 15 or 20 its more realistic. 

21' The Discipline Group considers 4 t(5'. 5 years to> be the, desirable time , 
I * * ' ^ 

from the B.Sc. to the P^^^D., not- 3 to 4 years as suggested by 'the - 

j» ^ * 

xonsultau-ts . 

■ ^. • . * 

3. The Discipline Group Supports the view that re,search stimulus should 
be b^ed Increasingly on collaboration among faculty and post-doctoral 
students rather than oil a gi^duate program, and suggests that , , 
univ^grsities encourage <such activity. In particular^ we . recommend 

that special provincial funds be made available to mathematicians at 
^ Lakehead and Lautentian Universities to enable them to jiarticipate 
fully in the mathematical activity of the' provinc8\ We also, support, 
the idea'^pf external , Ph.D. ^visors-^ when practicabl-e, ^nd'suggest 
, . that universitUeg provide financial suppprt for such arrangements. - ^ 

4. The Discipline Group supports the sncburagement of part-time master s 
^fcudy, *and* r^comiyiends also -that master *s degrees- be* obtainable by 
/Eoiirse work and thesis^^or by course .work alone, , ' ^< 

5(^^ith regard to thfeiArea, Reports" in Chapter II, the Discipline Group 

(i) wouTd have preferred a suggestion by' the consultants that the 

links betwe'en Computer. Sciehce and the o^ther areas of the 

* ^ " , - /• . / 

Mathematical Sciences be ''maintain©^* Arather than "Strengthened**, 
^ •* * ' ^ ' - ' ^ . 

, in order to avoid the, possible inference that ties with dtscipLines 

• *■ V * ' - 

outSfide of, Mathematics sljould be weakened. ' • • . 

(11) dispyssed the validity of -the consultants' C^nd advisor^ ) 

• bonclusion§ dbqut th^ qu^Jity of Ph.D. thesefe in view pf the limited 



Qppor.tuhity to -examine tliem. There was no clear consensus on the- 
ijuestion. , . ^ • , ' ' 



APPENDIX 



UNIVERSITY Comments 
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Comments appear f rom -Cai'leton , ^ Gueiph , Lakehead , ' 
McMaster Toronto , Wat^loo and Western Ontario, 



-V 



er|c , 
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CARLETON UNIVERSITY . 
RESPONSE* TO CONSULTANTS' REPORT 

MATHE^]ATIeAL SCIENCES 



GeherAl^S^inraents.f T 

' ^ ^ ^ ' * iT 

Considering the limitations under which the^ consul tani-s - • 

and advisers worked, aad which are inherent irj Stich' a* ' 
wide-ranging ^tudy conducted in a relativeJ y * 3imi t6cl- tijae ■ '* , 
pe/iod, we are impressed by the thoughtful ^nd, penetrating \ • ^ ^ 
documen t^they ha*ue^^,£joduced. Globally , , we believe that' they 
have accurately assessed the current gtate' of affairs in 
^the mathematical sciences in Ontario and that their rocoiTimc;idaf-ions 
are sound and in th^o^ight di rection ' , 

Response to Spe.cific Recommendatiorys ; ^ 



X. 



(a) Cooperation with^ the -University af .Ottawa 

(Recommendations 15. i; '22. (iv), 32.iii) - , ^ 

Generally,' we are working to improve cpll abbrat a on with . 
^ the University of Ottawa in all are'H^c^f .the mathematical 
- sciences. For example, vf^*have instituted peri odd c m^^.etings 
' of the chairmeji of the two depai^trpents to co'-ordi n^ite the 
schedling^ ^f^ gradua1:e courses; to'' arrange- "^or oH;-her joint 
" ^activities ahd to- keep each other informed about the ^ 

academicv^glans Af 'tihe^xespectivj^ departments, Pr dbabi li ty^ 

and , Static ticS we have propasfe^.-^he^pix^s^itutioji of peripdia 
. \ full day ^joint -workshop ^sessions f or' tacuiXy •arid^ . 
students J • * ^ ^ $ 



.1 



\ It is possible to arraulge for faculty members of'^rleighbouring 
universities to^ be involved with the ?C\"ip^rvision of Ph.D. 
students .in our def>artment when^'itl At^- academically ' ' ' , 
^ apptopriate .and pfo^ided that ttie*oth^r institution invblV'ed'' 
/ also 'gives/i ts aj^royal.' ' ^ ' ' * r 

In response t'0'-32 .i^i regardfng the development' bf^ a' 
comprehensive .^int pr6gratti of jaicVdemijp -work in computer / 
science fox the Ottawa* area/ a ^mmittee has beeb^ formed ^ ' 
which includes 'represehtatives ^x!)f ' the Departme^nl^ of , 
Mathematics and Systems E-ngine^ing^.^t- Carle ton wni ver si ty 
and the Department of kathema^cs and .Computer Science at 
the -University of Ottawa with the ^ tesponsibi lity of' 
, drawing up lohg-ra-nge plans. f * * ^ ' . ^ ^ * 
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(bT ^The MfSc. Program in Information and Systefiis Science 
CReconunendations 22.iiiy 32>i/ 32.iiT 2 [ ~ 

' ^ / 

We are. gratified that the consultants hrave recommended ' 
the ^implementation of 'the l^Sc. program; in. information 
and systems science', /The', question of the iole of probability 
•and statistics in this p-rogram has been referred,. to the ' 
joint commitjie^e fbif -an in>ternal feviow in tfe^e lightlof* 
the consultaTits ' comment^. . 

The M.Sc. 'program at, C^rleton which is the 'joint resppnsibili 
of the Departments' of Mathema-tics. an(3 Systems Engineering[. 
h^s already attained a yiablfe size, "and it appears "Xo be ' , 
a program that fills a * demonst^r^ed academic -need at 'Ij^hrs . 
University., S^inde the^ compara-ble program at 4.he Un^iversity 
of Ottaw^^nvolves five • departments , such a * joint program 
would. in\^ve the forjnidalrle argani z^ational difficulties 
• of co^-ordinating a program inyoilving two* Universities apd 
'seven d^e^artments . However, the Ueans . of Graduate studies 
^and Research of 'the two universities and a reprtBsentative* ' • 
of the*' Inter-university committee, -afe currently' investigating 
the possi^Dility^that some of -the acfLivities and courses 
of these two programs co^ild'be mutually useful^.^ - , 



(c) f The Cooperative MlSc. Prograri[i in Sta1:istics 
t Recommendation* 22,.i3-) ; * ' - - ' ^ 



We are in complete agreement: with the . cdnsultAnt^,; X * 
recommendation that this program be^ strongly encpur'a^ed^ 
'since it has been ah important Step in* our development 
'"oj an M.'s.c. program which provides for a .sound «nd / 
•well-rounded training for a career in applied prc)k^ility 
and statdstica. 

- f ^ / \ 

(d) The Doctoral Programs in Pure and Applied MatTiematics - 
and Statistics > (Recommendation 4,ii, 15>ii/.22>i) 

^he report recommends that th^se three doctoral progi^s 
continue with more precise" definiti oVi, of the fields 
offered- in the applied area. .^Although the latter point 
is under continuing - review, a preliminary recommendation 
has been made by the dfepairtment to specify th/t^ applied 
^ ardas as follows: ^ ^ • • , ^ 

(i) . Applied Analjisis and Dynamical Systems 
(ii) ' Theory of Com^tation and pptimizatibn ^ . 



The first area has been established for a n\gn4?er of 
years and represents the natural continuatioh of thq^e 
activities- The second -area, the theoiry of computation . 
•^d .optimization, -was selected four years ago J^y theV 
Apartment in its internal planning for grad\iate 
studies as one which should be g*^n special priority • 
and voas singled, out for encouragement in the A.C^A.P, 
consultants' report on Applieta MathemaFti^cs . Since that 
time the foundation for this area* including the creation 
of basic courses, has bfeeh established- and we are 
considering the completion of this development as soon 
as adjustments in staffing make this possible. 




i ' UNIVERSITY OF GUELPH 
COMMENTS OS CONSULTANTS'. REPORT 
mathematical' SCIENCES ASSESSMENT 



In expressing our general satlsfactlpn yith the report 
of the consultants we vdsh also to endorse the additional participatioii 
of advisors. This^ device for conducting, the assessment of a complex 
discipline rtay well serve as a useful precedent for future assessments 
of comparable breadth. * . - ' 

\^ In their first chapter the consultants have given their * 
opinion op a number oJ points. We are particularly pleased to note ^ 

V ^ 

those pertaining to faculty research, to the duration of a normal 
master's program, to critical^ size, and to university cooperation,. 
We observe that Figure V on page A-20 daes not illustrate what the 
words in the first line of Page A-19 lead the read^^r to expect. In 

0 

f * 

that line, replacement oi the words "graduate students" by "doctoral 
graduate^' would* remove the discrepancy. The consultants are to be ^ 
rommentjed for their careful analysis of employment op^r tunities. 

In chapter *II, the bagic obeervatidns presented on, pages - 
A- 29 and •A-30. relate chiefly to doctoral programs, ^t the suggestejd 
emphasis on qualfty and- jrelevante |p also appropriate to aaste^'rf 
programs; we share, the implied concern of "the consultants. 

The statements concerning the Uj^iiversity of Guelph seem 
to us to b^ both fair a,nd unexceptionable., The sug^gestion for pure 
mattieiaatics (pages A-39, 40) is a useful one, as is that for applied ^ 
mathematics (pages A-50^ 51). - x ^ ' 



We are gratified by, recommendation 28 (page A-61) regarding 

«* 

our- program in statistics ^ where we take* particular note of the 
suggested cooperation with the Uni^psity of Waterloo, The matter 
of faculty appointments,., while no easier for us than for our sister 
universities, will n^t be lost sight of as ai^pointment opportunities 
occ^ir. In passing, we note with interest that the consultants have 
suggested a nominal distribution .amongst the universities for ten Ph.D. 
graduates per annum in pure mathematics; buf/ they have not done so for 
the ten Ph.D.'s in either applied mathematics atid statistics (whether 
theoretical ^r applied). A {suggested distribution in the latter area 
would hav6 ufeen helpful to Guelph in contemplating' the possibility of 
a future development in applied statistics at that level. 

The sta^ment (pages A-69, 70) concerning our work in 
computer sclencfl^ s helpful. In this, as in the other area^, we are 
edacious of oi\c; location In the lee, if not the shadow, of Waterloo. 
We would welcome the opportunity of cooperation in the supervision of' 
graduate students with our academic neighbours. . 

f'inally, nfith regard to Chapter III, we endorse the intent 
ol reconmendation je * (pagfes A-T5t 74) in respect of inter -university 
arrangements » and wiuld be ptvepbred to participate where possible." 
Recommendation 41 (page A-77) regarding part-time students' reinforces 

one aspect of the University's Aims -and Objectives as published 

' • * ^ ' * - ' 

several years ago. And as for Recommendation 45 (page A-82)'we. 

observe thisft Guelph has for aome time be^n involved in the coordination 

* y ' • \ ■ ^ • ■ 

of library services. 

The .report," in brief, .is a*good one. 

August 12, 1976 . . ' ' ' \\ 



Cr.6 - . lakehead university 



Comments on ^'Planning Assessment of the Mathematical 

'Sciences in Ontario^', by.Birkhoff, Cox 'and hk>rrish^ 

' . ^ * ^ " - 



The document referred \o \s the final report of the ACAP consul tafits . 
1t differs little in essential respects regarding Laket^ead Uni versi tyy from 
,thc preliminary documen^ which reached us^ in December 1975. We feel t;hat 
our comments' forwarded bn December 10, T975, are sttll applicab'le, and wish 
to do grp more a.t this time than summarize the ma^or pTbints discussed ^n the 
December 1*0, 1975 document. 

1. We feel that the advisers and cpnsultarrts have 
given Lakehead University a strong endS^ation 
• in the area af pure mathematics and we are s ^ 

encouraged to continue and strengthen our 
efforts in this program. ^ ^ 



I 



2. We believe that, while the ACAP adv^isers were' 
* cai^ful to restrict their comments to the area 

of pure mathematics, we are justified in reading 
into these Comments approval of our entire program, 
and plan to p-roceed on this basis. 

3. With respect to the'critical area of enrolment, we 
note that while t]ie consultants concl<Jde that 
programs can succee^lwith as few as five students , 
their comments on our low enrolment, and lack of 
".Canadian content", are ^air.' However, the 
described situation is not one that'-"we can easily 
t^medy with the e?(isting area restrictions on our 

Sc. program, and it is vital to us that our 
pV^sent successful program be broadened into other 
applicable areas of \nathemat i ca 1 sciences. 

17^ - . . 
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McMASTER UNMRSlTY 

Dean^f Graduate Studies 



1 280 Mam Street West, Wamilton, Ontario,. L8S 4K 1 > 
Telephone 525-9140 ^ ^ | 

September 28, 1976' . 



'Dr. 'H. H. Y^tes, 
ExecLtive Vice-Chairman , OCGS, . 
Councilof Ontario Universities,^ 
T30 5.trGeorge Street, Suite 8039, 
Toronto, Ontario. 



Dear Dr."*1fates: - - * . 

In commenting on the reports jof the Mathematical Sciences assessment • ■ 
we confine our attention to the consultants' report. Our* comment? on that report i 
howeveV, bear directly on som^ of .the statemen,ts made ort page 19 of the ACAP draft \ 
Report, namely those concerning the quality of our mathematics theses *and the 
Statistics faculty, as well as Recommendation C12* ' 

P6re Mathematics- (p.. A-37). ^ ' ^ ' 

We feel that the^ consultants' 'comments on our Pure Mathematics programme ^ 
generally are fair and -accurate. There are only two points on which we take issue 
with the consultants. 

1) '*7\s we rioted in our response to the advisors' report on Pure Mathematics 
we are .very unhappy wvEh the .Statement that the overall quality of the majority of 

^the doctoral theses examined was "acceptable" and that there was none that, coul d be ^ 
/described as "reaVly outstanding". We contend that>4:here have been several theses 
written by. our s tudents whi ch, by most peopl-es' standards, are considerably better 
.than "acceptable". We would r&te them as outstanding. We have on file reports 
from external examiners, who. are internationally known mathematicians, that describe t 
these particular theses as "excellent". In addition,' we note that more than 20 ■ 
of our Ph.D. theses have resulted in publications in such journals as the J. f. d. 
Reine u. Angew. flath.. Trans. A. M.S., Can. J. Math., Pac. J. Math., Math. Zeit., 
Math. Jap., J. Algebra, Abh. Math. Seiti. Hamburg. , / 

2) The statement, in the fourth paragraph that "the majority of th6 * 
doctoral theses examined •were , understanj^blj^, in the area of Algebra" , 'may 
crea|:e the-.impression that the majority of^ur'Ph.D: theses are in Algebra. It 
was pointed put in our response to_ the advisors' report that this is incorrect 
and that the*45 theses completed to date Have been distributed as follows: Algebra 
12, Analysis 17, Geometry & TopologyOl and Graphs & Combinatorics 6. 

»^ ' " . . » • , . ' ' 

The consultants suggested that "unless some positive steps, are taken',. 



• it wi,ll be dijfficult to maintain a lively anch vftal programme in Pure Apalysis at 
McMaster". In this regard jt is -important to note that the University recently 

" has appbinted two new faculty members in the area of Analysis.' One of them, Dr, 

• C. Bennett, has been appointed in the Department of Mathematics and the other, 

Dr; M. Ismail, has been appointedM'n the Department of Applied Mathematics. Thes^ 
appointments strengthen -i^onsid^rably our work-in Analysis^ work which we 'believe 
Q is already welT in line with current interests ,an*d applications as called for by 
the consultants. , 17 



statistics (p. A-59). ' ^ . >^ ' 

• • * • 

* ' ' We are anxious to clarify the situation* in regard to our* graduate 

,progr;anime offerings iif this^area'. As we noted on pages of our Five Year^ 

Plan, which was part,of the matetiaj submitted! earlier in_ connection with this 

assessment, we do noVoffer doctoral Work in Statistics.- We concede that our, 

Graduate School .talendar is- somewhat;ffiisleading on this point and we intend^. . 

to change. the appropriate sections of that document. We do offer doqtoral 

work in ProbaWlity^Theory but we regard this as Pure Mathematics and not 

Statistics. ' ' - \ * \ • . . , ' [ 

The statement concerning the "he^erogerreous" quality of faculty in 
the Statistics area prompts Si Comment: )I4 do not object to the overall judge- 
ment but we would note that the consultants recognized that we do have some . 
v^ry strong faculty ifiembers in this area includi^rf^'^J^Ha-^aiatistixi an of inter- 
national ly. broad repute". They are however, located in ^veral ^departments. 
We are engaged in a thorough reorganization of our Statisjtips 'graduate work *• ^ 
- in order to unify our offerings and coordinate our strcrrtgths and we shall, be 
h-appy to ptit the revised programme forward for appraisal. ^ ^ 

Computer Science (p. A-68) . - ' ^ 

Our Completer Science group has re-thought and re-structure'd the graduate 
prograrrpe so as to emphasize more distinctlV its interdisciplinary character, ^ When 
the opportunity arises, the University will give careful- consideration to the • 
recommendation that anether' faculty member bemadded to strengthen the (fcre sub-, 
jUpts in Computer Science. ^ . . 

We'request that the ^bove comments on the consul tantsV report i)e ^ . 
published.- ^ f i ^ 

' \ . ^ Very si ncerely yourjs , • 
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LJK/del 





UNkVERSITY OF TORONTO ' 
School of Gradfiate Studies v 



OmCBOPTHBDfiAN 



Toronto, Canada M5S lAi 

September 8th, 197^. 



Dr. H.- Yates, ''i^ ^ • 

Exebutive V:\jpe.-Chai'rman , 

Ontario Caunpil on Graduate Studifes, 

130 St. George Street, - 

Suite: 80 39 , \ , , . , 

Toronto', Ontario, ^ / 

M5S 2T4. . , s ' 



E^ar Dr.vYates, i * t ^ . 

i am writings* to f or^warrS ''t^he University of Toronto's comments on 
the consultants' report in 'the .Mathematical Sciences which we 
would wish to* have published.. • 

The University wishes' to^ express its def ini.te' satisfaction with y 
the consultants' report, wHi'Ch emphasises the need for quality 
and relevance in doctoral* research , aVid whiych clearly makes* the ^ ^ 
^point (p. A-14) that, while a* teaching staff able -and -hctive in 
research is' essential to strong graduate" programmers , 'the- 
converse does not follc^'. These are.viewg for -which this 
University has long'been an. adv6cate. We are naturally 
gratified ^ fc/y the many positive cominehts made aJiout ourN^-aduate 
programm'es in the^ ma^ljematical ^sciences and^ by the* -rAconmtendations 
that *th^ all contirme. We especially welcome the vet'y high 
opirfion expressed' by the consultants of this University's 
Department of Computer Science. ^ 

» There is< no -dpubt that the physical separation of the Department 



of Mathematics in jnany ^buildings,' spme^f marginally adequal 
Equality, has sevejrely hampered communication within ,the Dej^rtment 
Scxne steps have recent^iy_been taken, and more aVe being plai>ned, 
to improvfe' the quality of t?he^ Department ' s spate, ^ but, in our 
current circumstances, , complete centralization (^partrioularly by 
nfew building) appeVrvs beyond our .reacih. It should be noted t]|iat 
Mathematics is by -no means j^^nique in this respect;^. many of our ^ 
*-dep^rti][ierrtrs are physically split betweej?i several locations. Ijj^ 



^ • -, . . _ • . ^ .-s^ 

Dr. H. Yates . ' / ' September 8th 1976'. 



, . 

an 'old' university., lack of adequate funding for renovation atid 
renewal of' outdated space has caused, and will increasing]!^ 
continue to cause , acad'ernic difficulties of the kind noted by^the^ 
,cotisult^nts. . ' ' ; / * 

We -intend to give very carefial conaic^eration to the • recommendations 
of the consultants regarding the review of our .prograraijies'- in pare ^ 
and applied mathematics , and the need for org^izational chfin^e^ .in 
statistics. In pure Inathematics , the consultants have outlined 
four areas for 'study; it- would be;hdlpful if we mi^ht. have some 
indipation of the precise nature pf their concerns, which might; ♦ 
best be obtained (if ACAP has no obgecl^on) by' direct xdiscussiOTi ' 
between - the* consultants and the chairmcm of the Departmeni^ 

In applied ^rT\athematics ,^ we welcome, and propose to implement, the^ 
suggestion* that an interdisciplinary review contmittee be establi-shed 
We^ propose,^ however, to broaden its sco^. As the consultants have 
noted, much applied mathematics is done oxj^side mathematics "depart- 
ments. -vW^ Would therefore indTbtde ^pplidP' mathematicians' from^ 
social, physical, and life science departments (including 
engineering) on such a committee. Close linkages between the four 
mathematical areas ^re clearly necessary: at Tor6nt6 there ar^e" 
other linkages (such^ as ^at 'betweaci Computiet Science .and Electrical 
Engineering) 'which are Equally impor*tant, and which tiave contributed 
'Significantly to the strength of *our^ programmes . ^ * 

^In statisti^cs, 'five addo^^feional cros^s-appointments hfve already been 
made to strengthen the inetitlite of*Applied Statistics, and onfe neyj 
appointment has beien made in the Department of Mathematics; ^We 
-expect a final organizational solution to be evolutionary rather 
tHan revplutionary in nature. WhiJe ' evolution towards depart- 
mental status for the Institute is a.cceptable in principle, the 
new> appoint*nents needed •pan be made;- only slowly (if» at al]j) in the 
.current financial si-tuation*^ ^ » * 

.The suggestions' made by the consultants regarding cooperation, 
^b^tween Toronto and York in ^e mathematical sciences ^ire^ accep-/ 
table in' principle, ^nd are already being followed up,. 

There are a very few ny.nor points of 'fact which shodld be clarified.* 
On page A-13, it is indickted that artificial intelligence, 
dotnputer graphics, solid .mechanics , and ^control thepry ar^e not 
covered' adequately in 'Ontario. The fir&t two topics ^re, as 



tirr.. H. 
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iftdicated on paga A"-$3 , wbovered in our Deparljmeht of Compul 
IgcidTrtie'. FrcSm prwioi^S ACAP asse^smejlvts , there appears tc 



Iter 

^^gcidtrtSe'. FrcSm pr'^ioi^S ACAP asse^smejlvts , there appears to 'be - 
considera^ble mathematical strength in «olid mechanics at i 
WaterlQO, but located in Civil Engineering ;rather tKan Mathematics. 
At Toronto, thefe is «|^y considerable sfcfcength in control theory, 
-btit:^ located .prim^rily^in' Electrical Engiheering, and/^ only/pattially. 
in "Mathematics. These two Examples illustrate %the diffiVarties ^' 
of- assessing applied mathematics only^n the ba^ls of work c^ne in 
Mathematics departments; the consxi^tarits j^-ecognize this proi)letn, 
but it is^\5i^^^t'h re-jpphasizing 'here, ^ - • - - ' - 

•^'anAily, on pa^"'A-64 , ^enco^ragi^n5 the- Un ^ 
cooperate with' Scarnorqugh 'Colleg^, is, u^ectfas 
ct%d' Er inhale' Colleges are integral parts-.o^ zn 



•9 JL, 
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ty of Toronto to 
ary: Both Scarborough - 
e University of 



Toronto, ♦an^ their staffs partjfeip^te fuHy in the graduate* activities, 
ofsthe Iidpart'ine];i^s in which th^ al'^o hold appoiptm<|hts "^^ '-^ T* 



Ypurs gincerely,. 
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onse of- the. University of Waterloo 



to th'yReport d^f the J^athem^tical Sci ences, Consul tants 

/r. .... * . . . ^ . ^ 

7\dvi: 



to the 7\dvi so ry Committee on Academic -PI a^ni ng 
^Jbm.itted \o 'ACA^, 'Jyne 2'5, Yil^ 

General Comments :- * . . ' 



% "^"^ lig^ver'tity of Waterloo finds itself in general agreement 
• wit* tne report of tne consuUarfts in the mathematical sciences. We believe thS't 



** ^* the consultants and the ^a^ea^dyisors are to.be cpni^ratulated for the nanner 

. 'in whicn they 'h'ave carried out a dKficuU and^compl^/ assessijient. We are 

-particularly pleased to Qote the recognition bj^ the cbnsul t*nts>of the^^eneral ly 

> * high quality of .tn^gradliatB- Rrogjca^rime^^Jjr^th^ iiiathenla^tical sciences offered at 

the Un'ivq/'siiy-of Waterloo. ^Water1o6 is unique tn Canada in the, emphasis it- 
. • - ^ ^ / , ^ \^ 

places^on tiie mathesnatncal scfiences both ef^ the graduate and^undergraduate levels. 

The qu^ity of our 'undergraduate programmes, i n mathemati\cs is attested to by the ^ 

;"^uccessSof^W^ %:ca%aureate graduates in competi tions ^for national Scholarships 

'such aS-i^tffose offered by Ihe Nd-tional Research Xounci 1 arr^^ in the'succes-s of ^ • 

^ ^'niver*sity of Waterloo teams in tile Putnam competition c^er the la^t several 'years/ 

' In this-pr^stigijous^competition, to whi'ch the consultants refer, Waterloo hl^ 
^ • . * \ ' ' * 

' stood ^irst ip 1&74, 'second in .1-968 and received honourable ntgntlon for fe^ and 

Jth^plale in 1975 arfti 1973 respectiye^ly. The Universfity willjsgntinue its;^ 

• • • • ' *' _ - \ ' \ • • 

efforts to (Tiaintaia high qial*:y graduate and uhdengcaduate progVammes in the ^ 

\ . ' . ^ - : ^ ^ ^ ^ ^ ^. ^ . V . ■ 

r4* '^Mathematical Sciences,. ^ \ 



-"^^ Spgoif^ic Comments : 



* While'we find the cohsul tarrtS ' report ^neral ly^a^ceptable,, 
; .'V* we ao Wish 'to make a few-sfiecific comments. lr\ the -section '.on^ pur^ -mathematics ^ 

«. > , • . I 

th'e coitsuHants"Tect)nimend (r^commendati-on 3(i)) fbat theij^.should -be a 'Cjni^orm 
' ' . s * ' ' . 'i •'. " '■> .' 
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qualifying examination for intending doctoral candidates in pure mathematifs ^ 
including those in the Dep^rtnient of Combinatorics and Optimization.^ We can I 
report that the Departjnents of Pure Mathematics and Combinatorics and Optimization, 
have already taken steps to implement this recommendation aiid h,ave established ' 
a jo^nt coniinittee to generally coordinate the programmes. The suggested production 
of'aoout 3 Ph'.D.'s per yeah in pure mathematics is' reasonably consistent^wi th- our 
*pre*ent enrollment. The two departments wi 1 Ijconti nue ta maintain high standard 
for the admission of sttjdents to the g/aduat^-, programme^ in 'pure mathematics. 

^ * / . ^ m 

Ip' the Section devoted to applied mathematics there is a y 

' ' ' ' . ' ^ , ' 

disturbing reference to the effect that Waterloo .has a "definife iftientton to 

relax adniissien requirements in an effort to double enrollment"/ We can state 

'HI. . ^ . ^ ' 

categorically that t-tie-Oepartinent of Appl i-edH^athematics h^a's-ne- sucfr intetrt-ion,-'; - 

The Department idoes plan to,e5(pand its enrollment slowly over 'the next fevV years ^ 

but we .believe that this-^expansion will be justified by the job market for 

applied mathematicians parti cul arly , in positions outside of academic circles and 

♦ * . 

^that it can be met without' leweri-ng-admissjorf standards. If .these^expectations 

'are not fgl f i 1 1 ed'" the expansion fl^j^ notyoccur. . ^ ^ ^ 

. -^'In the section bn statistics the consultants recommend ; 

that f^-rr a ngei^ients for consulting v;ork with other departments t)e- strengthened. The 

Universtly has already established^ an'iatra-university consulting ser>ii^e wfiith 

is locatea-.-w1tliin the Department of Statistics. This sarvice is staffed by , / 

f acul ^ rjemb"fers and students. The teaching Joads of faculty members involved \ 

are^reduce^d where th^re is a- substantial amount of time devoted to service. The 

fonsultants-a|so recommend increased collaboration with'other uni versities'.^lk, * 

particul^i'ly Suelph.' The Oniversify of ^fater^oo is already involved "in joint ' ' 



fliscussions^ v/i tfi t^e University of Guelph to consider the possibility, of 
greater invQlvement of Guelph faculty wiUi WateVloo graduate- students and the^ 

' e^tabl ishni^nt of jx>int seininars. The possibility of expanding'-this activity tp 

^include other nearby universities \s-also being invest^ated.^ 

' In their general comments on part time students the 
cpnsultants make the observation that •there may ise more scope for specialized 
master's work and specifically me ntiigned^trl^ field of actuarial science. "^The 
actuarial group in the Department of«Statistics at Waterloo has t^een offering ' 

V 

gr'aduate level courses in actuarial- science for'several years both on campus 
and in Toranto. There j*s a strong demand 'for these courses from individuals 
preparing^for th'e higher examinations of the Society of Actuaries. The University 
does not offeV,a Specialized mastery's degp€ in actuarial science bgt sfeud^n^ 
Can-^combine actuarial sciejice courses with courses in sta'fistics and con[^uter 
science far an unspeci^l ized master's programme. The DepaVtmetit of Statistics i*s 

. also 'planning to jOffer^-aVi i'nter\aiv,^ course in statistics' for workers'^in andiistry 
on an experimenta'l basis during the summer af 1977. " " - 

>^ . In the section on computen^cience the cpnsultants exVress 

concern for the future of scientific cpii^pating. 'The University of^Waterloo has 

jgpf^ays Ifad considerable strength in the area o'f scientific computing ar^ we intends 

to maintain, that strength. Master'-s enroM^jnt nri., canputer science has r^eached 
• ^ • ■ * . ' f> 

the lev,el planned and will be maintained aj: that level. • do ^not envisage any 



significant expansion in rrtSsleTJ^enrol Iment . The Dep^rtoient of.Compifter Science 
will co||tinue to maintain high standards for admission toj'ts gnadtiiate programnred^ 



RESPONSE OF THE .UNIVERSITY OF WESTERN ONTARIO^TD* THE* CONSULTANTS' RtPORT ON 
' , , THE MATHE>iATICAL SCIENCES Tj^NlftlG-ASSES^MENT . 

^ ' p — ^ /i — _ — ^ ' ■ — — 



' ' Tlse following cofmnents are provided, on the Consultants' report in 
tffe Mathematical' Sciences as a 'consequence of discussions of a Committee 
^a^inted to,-^xamtne this report. ^ . ^ ] '\ ' \ ^ 

Piir^e Ma thema tics ' > ' * > 

i\ 1.^ We ngte with satisfaction the aomments af -the Consultants concerning ^ 
^he hjgh prop'brtgon of CaKaCliarj, gradua^te students in the' programs. X^e' visa 
student domponent of all graduate programs at Western, is -regulated irv such a 
way that it does not exceed ^20%. This level has^,been ma^'ntained in Mathemati^. 

•2. The ConsuKaats' comment upon'the Specialized nature ^of the doctbral 
program noting that doctoral studies have centred, around'-sunipabi If ty theory 
and semigroup theory and d^utomata. Two senior appointments with establishetl 
reputations have since been m^de irXthe area of algebraic topology. ^ 

V . . ^ / . ' 

3. The Pepartme/its note a request, for reappraisal pf the tloctoral pro- 
grams in pure rficithemati c^s and statistics. . Wv^iccSpt these recommenclations . 
but b^liev^^the remarkably short period provided to consolidate new areas of 
strength may present difficulties. .- ^ ' ^ ' . ' 

. Applied Mathematics ^ ^ ^ , - , 

'i 2** 

^ 1. We note with pleasure the recognition given to Theoretical Piiysics 
in the present Mathematical Sciences assessment. Based upon the reseanch 
,,reco>d of the theoretical physicists Jn, the Applied Mathematics Department, 
we believe the present evaluation much more closely describes the prevailing 
state, than did the comments i,n -th^ Physics report (Report ^o. 14). 

^ .2. The organisational rearrarjgements rej:oainende^ in Report^^ 14 (pag^ 
4, Ng. 10) and commented upon by the\Mathematics 'G#hsu*1 t^rttS. h'aj 
addlressed by the University and a revised program has bien- fill 
OCGS Apprai-yal Corntii ttee . . < ' • 

Statistics . - • • . ^ 




1. Unification of the organizational arrangements' for statistics within 
thje Faculty of Science is now t>eing implemented with a view nn the near future 
to increasing coll-aboration with other parts of the University.' FinaT arrafi^e-*^ 
'rents shbulti be completed in t|^ next' few months. , A statistical consulting 
Service has beeTV'in operatioh for three years^. Plarvs are in hand fo^^the 
expansion of this servigs-to statistical' laboVa to ry which will serve \as a 
focal point for the sta*i sti oal acti vi ffes of all statisticians and users of. 
statistics in th'e University. ' i ^ \. • 

; ^ ^2. 4'A^regular gra'duate course- in probability theory .lias been re-established 
a"nd will be offeredJn 1976. \ ^ ' , ' 



Computer Science i ^ . * ^ - ' ^ 

1. Wht^le Westemtis disappointed wi th the recoirinendaticin concernirfg a 
Doctoral program, it ha4 concluded that\ collaborative progijam with another 
university is not immedia.t^ly feasibly. ^ . ^ . - 

2. The department is nonetheless pleased that the success of. its M.Sc. 
program has been recognized. Steps have already been taken to raise the 
acbnission requirements (which were not previously below, the Provincial stan- 
dards) for the 'Master's program in Corrp^jter Science and,J:h€reM^as been a 
corr^ponding decrease in enrolment. . ' *♦ ^ ' . 
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Pxocedure for -Hathematlca l S ciences Plahning Assessment 

~' ^ ' : — ^ . ' 7'. 

^ Approved by COU - January 10, 1?75. 
* ^ A - Interpretation ^ 4 • 4 

This document uses several words in specialired s^ses. These 
meanings follow. . * 



* Acronyms r * 



Advisor; 



Appra^sa.!^ : 



Appraisals 
Committee : 



'Areaf 



Consultant :' 



COU - Council of Ontario Universities ^ » ' . 

OCGS' - Ontario 'Council on'Craduate Studies, an affiliate 

oJbfiOU. » A . ; . j 

ACAF - Advisory Coamittee^n Academic Planning, a 

committee of OCGS , eWablished by By-Law ^No . 3 . 

of OCGS. • ^/ 

CDAS - Council of Beans of Arts and Science, an Jf 
affiliate of COU* . " - ~ 

A mathematics expert whose <fun^ctions ' are Explained -» 
below; there are two advisors for each area. 

^ . 

A' procedure leading to a dfecision as to' whether 'or not 
the quality of a progr^pime is' or will be .adequate; the^' 
universities have agreed not to begin, new programmes 
without first obtaining an appraisal and not to add new' 
i-eiits *to existing prcrgrammes^ vitrfibut""^ef erral to the "*''' 
^Appraisals Commits e^ to decide if an appraisal is f 
r"^^i^red. , ^ ' 



A cpmmi4:tee of OCGS, established by By-Law No. 2 
of OCGS^ , ' ' ' 

One of the four divfsions of the mathematical sciences 
us^ in. this planning assessment, viz. pure mathematics, 
applied mathematics, statistics, computing science, 

* ' ^ \ * ' ' ' ' 

One of thr^e persons who a\e consultants to ACAP and 
whose functions ar'e descril^d more, fully below; they 
are aided by " a^isor^^ 



DiSGiipline 
Group : 



GraduiM. 
?roggi^ fc' 



• t 



Refer^s^ the Mathematical Sciences' Di^scipli^ae Group,- 
constituted^ a$ authorij 



See Appendix I . 



Lzpd by OQGS^on-l^S jJoyffifcer, 1974 . 




The word 'V"gramme" is used' to signify all'^aspecta - of 
graduate undertaking of a department (or institute, et 
including ^the ^-actual a*nd planne^^~^5%culty strength, ext 
and limitations of-areas'of resfearc^ specialization, 
reslearch facilities, and curricvfivm. " ' ' - 



the 
c), 
ent 



Planning 
Assessment : 



Reports ; 



A forjnal review of current and projected graduate 
programmes within a discipline or a group of distiplines/ 
in this case\wit,hin f the mathematical sciences a^d ^ 
embracing ^he 'four "areas" listed above. 

Four types of reports are referred to and d^cril^ed 
in this procedure: , . • ' ; 

a. An Area' Report, writyien by area advisor and 
submitted to the university concerned, the consultant^, . 
and ,ACAP./ ; . , ^ ^ / 

b. The Consultants' Report, Written by the consultants 
* and submitted to ACAP, and dealt with as destribed 

in' Section G2. , V 

c. The^ACAP Report,, written by ACAP and submitted'to * 
COU. A draft form is first ptovided for comment to 
universities and to the' Discipline Group. 

♦ ' . » 

d. The COU Report, containing COU's re,commen<fations\ 
to the Ontario- Council on University Affairs and \) 
the universities.* 



, Field: 



Each of the four/areas is further subdivided into 
fields. 



Univ^ersity 
Plan:^ 



Denotes th\ Official statements made by a univ-ersity ' in 
accordance Tfflth paragraphs, C7 and C8 below. 



B --Choic9^of Consultants and Ad visors 

•Bl» Ther» shall be ifhree consultants, two of whom shall be mathematicians 
of international standing wi th brAd th of out^fek on^the mathemati^ivsl 
• sciences and Ti^ith suitable adminis-trative or consulting experience* 
The thiTd consultant shalj. oe a person of, wide academic experience in) 
Canada bu-e liot in mathematics. No consultant shall be 'On the permanent 
^^^^^^.^^'f^f f of ayi Ontario .university. 

B2. ACAP ^halA call the Discipline Group tog*etber^ to discuss the cho^ice 
of consultants and to nominate a list of abq^u't 'ten potential 
consultants. If' it s«ems desirabJ,er"XQAP m^y also propose names, 
',but they '^shall be appi?6ved by the Disci^^Litle Group. 



B3. Fyom.the resulting l^st, ACAP shall select it^ consultants. 

B4. Tliere/shill be eigkt advisors, two for ^aclv area., '^ach advisor 

shaiy be an acknowledged expert in the relevant* area and at least 
one advisor in ^c'h area shall hav'e extensive experience with 
gr^lUate-work.^ No-advisor shall be on the staff of an^Ontajrio 
\uniTersity. , , ' ^ * . « * 



» 



■ . . ' ' ' 

B5. 'The Discipline Grpup s^iall -estalbllsh four ad hoc area 
^ subcommittees for the purpose of proposing names of potential 
' • advisors for each of the four dreas. Each subcommittee shall 

. "I consist of persons- who work in th'e area in question and .there , 

shall be one member from each university that p^roposes to 
^ * offer graduate work, in the atea; in so far a§ possible ,the, 

, members of the subcomm^ittees sh^ll be members of the Discipline 
•Group., Eacrh subcommittee shall m^t with ah ACAP representative 
to discuss the choice of advisors and to prepare a List of at 
least eight nominations. These nominations shall be submitted 
to ACAP thrpugh the Discipline Group which^ may comment on the 
» * . choices. ' * ' . 

\ B6» ACAP shall select the advijsors from these lists, and may obtain 

help from the consultants in doing so . ' ^ * 

( ' "ft , 

C - Collection of Data' ^nd Of University Plans 



CI. ' ACAP staff will'^rep^re draft forms and instructions for collection 
of data as described in paragr-aph C6. The Discipline Group will 
examine and comme^it on these forms and instructions, in particular 



and c 

on theThdS^ of fields. * 

C2'. After the forms ftave been completed by the universities, the 

Discipline Group will examine the data supplied, and indicate ,any . 
inadequacies or inconsistency of reporting standards. 

C3^ The Discipli^ Group will consider and discuss also -the university 
' plans submitte^d. The Gtoup may make sugges*tions to an individual 
university or,, ^o ACAP ^as a result of these discussions. 

C4. If .the discussions .of C3 were ' to lead a university to modify 

plans, it would so notify ACA*P . • ^ •* 

C5« If a university chafnges its plans at any time before the completion 
of the jplanning assessment, it s^hall notify ACAP of the changes. 
Consultants are instructed ^to disregard any material prfli||^ed to 
them whidlh is at variance with the statements provided Djjl^he ^ 
^ univer sity^through ACAP. . ^ ' 

C6. Each university is to supply' -to ACAP- (in the form decided following 
"procedure CI) the ^following information; ' 

*(a),the areas and fields currently offered for master's and ^ ^ ^ 
doctoral work - - ^ 



(b)^ for each area and field current lists of fa^fulty members^ 
numbers of faculty members, enrolments, degrees grajited and 



drop-oufs in previou^ y^ar s ^ 



(c) curricula vltariira of all fa'culty memb^s now engaged in * 
'graduate •instruction ©r spon expected to be ^ * 
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(d) his*torical dat^^on graduate students covlripg/. , , * 

' ' ' • ' ' f - 

/ (i) enrolment 

(ii) immigration status and- country of first degree- 

(iii) Vi^nancial support ^ • ' ^ 

(iv) drop-out nun^ber * ♦ - ^ ' ^ 

(v) degrees graht-ed , - ^ - 
• (vi) post-graduation eraploytient of PhDs 

(vii) employment, of ABDs • -' ' ' 

(viii) list of doctoral thesis topics ^ 

(e) data on the undergraduate base', in particular" enrolment in 
work leading to graduate st<i&y %* ^ 

(f) data and staTtfements oh resources of space anc^ 'laboratory and 
computin^^facilities * - . , . * 

(g) data, and statements 5n library resources, H.n a form- to be 
worked out in conjunction with the Office of Library Coordination 

(h) support from related, departments 

(i) inter-universi^y arrangements foj: graduate study in mathematica? 
sciences ^ ^ . ^ 

Each university is to suppJLy tcACAP- a statement of its plans for* ^ 
the future of gradyaCe work in 'the mathematical sciences, in as much 
detail as possible, ^nder eachj-of tbe headings (a), (b),. j(f), (g) ^ 
(h) and (i) in C6 , including explicitly* the planned niimber^.of f acuity -and 
graduate' students in/'each area for the next five years • *The plans 
shali, treat the years*^ 1975-1980 in detail and should look ahead to 
abou^ 1985 in-outline. The plans should be accompanied' arguments' 
supporting the'ir apprcf]f>r lateness 5n4 should consider th^ projected ^ 
enrolments in terms erf the sources and iiK)tivations of potential 
students^ Since the consultants are to deal with chang:es in ^ ield " ^ * 
emphasis and "in methods and cpntent of^mHhematical graduate ^ . ^ 

education, any plans bea-ring on, these topics Should be presented.., 

^ ^cedure 

€7)',will be largely gfenerat^^d at the departmi'entaj. levt 
obtain components ^n which' the luniversity -cannotr; comm 
time; the statejnent shall howeve%v.t>e submitted b^t 
(through th^ ^gradijate dean) thereby ensuring tha'^i, 
anything th^t is at variance with, the general un 
polic'ies or expectations. ' f ' 

)^ materiaP-in C7, the preside^ ol^sach university 
is to malce a statement concern^g the university ' sl^ans'ior gr^^^uate^ 
wor-k in the mathematical sciences^ This- stadlment may comment on , 





Ln addition ta"t 



the C7 statement' and should at least explain- the exfent of - ^ 
the uni^versity^'s c«i(|fctinen't to th^ pr^ections of faculty ^ ' \^ 
numbers and Anticipated enrolment. - ' * * , ' 

The dates for submission .of these various reports ^shall be 
fixed by ACAP. - ^ ' ' 

P - Terms of Reference^ Bor Consultants' and Advisors - . ' * ^ * 

The consultants . and advisors wij»l meet with ACAP representatives 
for briefing. '^j;^^(^nsultants and advisors shall meet ^with the « ^ 
Disciplin,e Group to discuss th^ terms of reference and practical 
arrangements 'for visit^-s. rt"-4«'Sired , consliltants may at this' ^ 
stage- suggest refinements or clarifications for inclusion in the 
terms 6f reference; . if such *s;uggestit>n& are 4pprove4 by ACAP, they 
. wiLl ^require ratification "by OCGS and COU . * j . 

The consultants and advisors shall donsider tRe data and jilans 
described in section C and may obtain other data and views fi^m 
any relevant source, such as employers of holders of graduate V 
degrees, professional and learned societies, the *S!3(||pce Coupoil^ 
commission on mathematics. They shall acquaint them'selves with 
the ^iS^ principles governing planning assessments and, witf some 
completed j}lannihg as^fessment reports. * 

The consultants and advisors shall visits unive^siti^ ^in accordance 
with a schedule established by the consultants -and ACAP. The 
detailed agenda f of 'a visit will need to' be established well ip^'^ 
^vance of the visit. The visiting team shall include--at least 
two of the 'tiiree consultants and ^t least ^one advisor for 'each ^ 
of fhe areas in which the university proposes, to give graduate 
work. If doctora l work As involved in an area, both advisors 
shal]^ visit. At each\'i:vnivers ity the c-onsultants will meet with the 
Various appropriate officers (deans, librarians , ""etc . ) and with 
the. chairtrnian ok each jiepar tftient'lnvolved " in the assessment. "They 
yill also: meet with staff and students of^at least somesj^f the areas 
concerned. An advisor will spend most of his' time with the staff* 
'and students of his area of expertise, but will also meet with 
the chairman and with senior officers If there afe pdr,ticular 
matters cbnterning his area on which he needs' information" from such 
sources . " ^ * A ' 

• > . .. 

Apart from the i-nitial me^eting with the Discipline Group, the 
^consultants may , arrange other meetifi^s .with'. -the Discipline Group, 
as thfey^ feel , necessary: or-at the request of the Discipline Group,* 
in either case , after consulting ACAP. - * , 

Tlte consultants and advisors .shall prepare^report's as described in 
sect^ioD's E and F. • ^ y 
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E - Area Reports 

El, For each university, there shall be prepared an*Area Report for ' ^ 
each area in whlA'ttiat university offers or proposes to offer. 
- ^graduate work, T|fie,se r)Eports will be drafted by the t^o : 

advisors in the area, »even if only ane vis'ited7 and are tp be 
finalized in consultation with the consultants who visited the ' / 
university. ' " ^ 

E2. 'Each Area Report will deal wit^ -one university^ only and will 

cover the following: * ' ' - y ' ~ 

(a) Fields - for each field-; discuss faculty numbers, studenrt 
numbers, courses given, , course entolments, quantity and 
quality of research Output', number of master^s and PhD degrees 
awarded, suitability of doct.oral^ thesis topics, quality or 
doctoral theses 

(b) Can the current st^ff deal with the number^of s tudent s; proj ected 
for five years? ^If .tiot, what additions- see^ necessary? • - 
(Undergradua'te load wi 11^ need to be considered.^ »' 

(c) The lo(iation of the* undergraduate training of the students 



(d) Commept on the adequacy of research and «tudy space (of/ice 
spate) for staff and students. *Cofnment on other physical 

^facilities, includijig^ computer adequacy and computer avafl- 
'ability "to the graduate Student ' ' ' ' 

(e) Discuss library resources on the basis of report ' supplied 

(f) Examine' and comment on. admission standards, and , if possible, 

on the/academic quafity of the .graduate ' student- body ^ 

j(g-) For doctoral p^rogr^mmes for each field indicate the- quality 

*'of education offered the student, using the following categories 

(i) outstanding (e^g. comparable with the best in the world) 

\ 

(iiO ^ excellent (e.g. in the. tep four or f':i.ve^in Canada) 

(ili) competent to good (e^. there would be., lit tie" hesitation 
in advising ;a g6od student to enter the prograraiBe) 

(iv) questionable (e.g'. either^tjie quali.,ty is inadequate or 
further study is required to establish its adequacy)- * 

The judgements should be justified by'^ discusaion and should t-efer 
to the' current" state, but if^ any change (in either direction) can be 
confidently foreseen it should be'jl:«ported.. / ^ ^ 

■ ' ' • - ' ■/•lOj" ' . , - 



E2. (h) List the fields of the area- in which doctoral theses 
should at pfes^nt^ be supervised with explailatbry 
* comment if desired (this is particularly *impOsrtant 
for programmes with'fiefds in categories (iii)^ and 
^0 (iv) but ts requested for all, progr^nnnes) . 



ffs. ^Each Area Report shall be submitted to j . . 

— — ' , ' 

(i) , the university, concerned' ' , . 

& ' ; • ' , 

' .(ii) thi consul taftts Wt^T 
f (iii) ACAP. . ' . ^ - ^ , , . ' • '^^ 

Alrea Reports are NOT to be published or further distributed except ' 

ythat, if COlJ'feels that an Area RepDrt is relevant tb the final COU 

discuss1|pn pf the ACAP teport, t^ie Area Report, will be jnade avai!|^ble 

toJCOU, but not for public^tio^Hfc ' 
.> - • « , ^ , . 

• - : * ^ V 

E4. All Area. Reports will be distributed simultaneously., 

E5*. Each ^iniversitj^ will be invited to ^omment as it sees fit on ■eaWi 
of'id-ts Area Reports. • The university commerfts Will be submitted to 
ACAP- and transmitted' by ACAP to the consultan;ts and advisors. The. 
universitaiy comments' will NOT b^ published or further distributed, 
except to cod on its request as' with Area- Reports . *^ 

•* ' ■ . F - Consultant^' Report j 

FX. Af ter'"~tTt^>s^adline for receipt pf comments on.Ar^a Reports from 'the 
- universities the consuLtants shall draf tf . a single Consultants' 
Report. It will be based on the material described in D2, the'' ^ ^ 
Area^ Reports ♦ ,Jthe "comments thereon an^ of course their university 
Mftjlsits. It is important that the reasoning behind the recommendations 
^ffci the Consultants' Report be apparent, and to this end they sh'b^id 
inclujde Ipf otmation from the fArea Imports in any manner which seems 
to > them to be appropriate- for -their own report which will be a 
public dacumeflt; They may also obt|itn assistance from their 
^ advisors on "genetal considerations ^concerniqg the development of 

the four areas in the province or more widely. . » 

F2. In their regort, the consultants sl^al^^:.^ ' '\ 

^^ (a^ Give a- general discussion of the current state:t)f» graduate 
graining «irt^ mathematical %cier\ce,s in Ontario includin'^ at 
sastjrhe fallowing topics: ' 
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» 

/, . discontinuance of the programme, or • continuation iti 

; some form if successful in an appraisal, or initiation ^ 

^of .a new progi'annne subject to appraisal, of' joint programmes 
* or cooperative ventures. 

In all %ases , ^i^is important that the ratienale for recommendations- 
-be clear and the consultants should give their judgement of the ' 
standard of each subfield by university in the s^me manner as described . 
for- Are'a-Reports in item^:2(g). , * * , ' 

,(h) Discus's the realistic possibilities for cooperative acti)rity ,^ 
» involving a mathematical sciences department*and another' . 
. department or- in5litute> Gith^r-mathematical" or not, gither 
. , in the §ame lit^verslty of' another . Make recommendati6as ^^s 
seem appropriate^^r^ specific^ cases. , ' ^ " - - 

F3. The Consultants shall submit a-'drkft report to ACAP to permit ACAP 
to ensure that it'Hneets the terms of reference listed an F2 . "The 
Consultants' Report will then be submitted 'to ACAP. 

G - ACAP, and^ CPU Reports ^ ^ ' ' 

Gl, ACAP^wili then prepare a draft ACAP Repor-t. * 

G2. ACAP shall s^d its draft Report with the Consultants' Report as 
an appendix to the universities and to.tjie Discipline Group for 
comment on l^th thesp reports. At th^s-'Stage , or during the 
preparation of the ACAP draft Repptt^' there' could hj^ meetin&s 
between ACAP representatives atid the^'Discipline Group aud/or some 
universities, if any party requested such a meeting. _ There could 
also be refeiwral of questions to the consultants b.y ACAP , and any 
material provided by the consultants shall be published by ACAP 
if it has been used for its Report. 

G3, Th^ comments of the Discipline Group on the ^Consultants ' Report will 
. -be published as will those of any university so reques'ting, ^ut 
the comments dn th^ ACAP draft R^p4?rt will not be published.' ^' 

GA. After receiving the cor^ents „ ACAP will prepare the final ACAP 

Report and submit 'it tb COl>' witTi ^copies to OCGS , CDAS and the j -^ ^ 
'Discipline Group. . ' ' 

G5. COU will not take ;f iijal action on*the -GOU Report until it has 

allowed at least one Ti^)nth ' f o t the ireceipt of any written comment 
on the ACAP Repojrt fjtotn unive^-si ties OCGS , CDAS or the Discipline 
i Group. COU will ^cide what comments it will -publish^ As a*' 
minimum, COU will publish ^the COU Report and the ACAP Report 
including the Cbn^ljt<ints ' Report' and those comments on the Consultants 
Report' that are t6 b0 •publislied. 
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L . ov discontinuance of the programme, or ' continuation iti 

; some form if successful in an appraisal, or initiation ' ^ 

/ ^of .a new programme subject to appraisal, of joint prograiranes 

; » or cooperative ventures. • - • . 

In all %ases , ^l^is important that the ratienale for recommendations- 
-be clear and the consultants should give their judgement of the ' 
standard of each subfield by universJLty in the s^me manner as described - . 
for -Are'a- Reports In item'E2(g), . * ' , * 

(n) Discuss the realistic possibilities for cooperative activity 
^ involving a mathematical sciences department*and another' j '-^^ 

. department or- in5litute> either- mathematical or not, gither . ^ 
. .in the §ame litViLverslty of' another . Make recommendatidas ^s 
seem appropriate^or specific^ cases, ^ ' ^ • - -J _ 

F3. The Consultants shall slibmit a**draft report to ACAP to permit ACAP 
to ensure that it^eets the terns of reference ^lis ted ^in F2. The 
Consultants' Report will then be submitted 'to ACAP. 

I 
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G - ACAP ,and^COU Repo rts ^ • • 

y ^ . V ^ ' ^ ^ . ^, 

■•' ' * 

Gl. ACAP.wili then prepare a draft ACAP Repor-t. ' 

G2, ACAP shall s^d its draft Report with the Consultants' Report as 
an appendix to the universities and to tjie Discipline Group for 
comment on l^th thesp reports. At th^s 'Stage, or during the 
- , ' preparation of the ACAP draft Repptt^' there' could bc^ meetings 

between ACAP representatives atid 'the.^Discipline Group aod/or some 
universities, if any party requested such a meeting. ..There could 
^ ' also be refeiwral of questions to the consultants b-y ACAP _ and any 
material provided by the conaultants shall be published by ACAP 
if it has been used for its Report. 

G3, The comments of the Discx|)line Group on the ^-Consultant s ' Report wi,ll 
. -be published as will those ot any university so reques'ting, but 
the comments On th^ ACAP draft R^p4?rt will not be published, 

GA. After receiving the coijtaients „ .ACAP will prepare the final ACAP 

Report and submit 'it t^ COtl'witTi ^copies to OCGS , CDAS and the ) ^ 
^Discipline Group, 



G5. COU will not take, final action on^'the COU Report until it has 

allowed at least one ipiphtfi ' f of the t^ceipt of any written comment 
on the ACAP Repojt i^frofn univetsi ties OCGS , CDAS or the Discipline 
^ Group. COU will i^cide what coiranents it will .publish^ As a*" 
minimum, COU will Rubllsh ^the COU RepoVt and the ACAP Report 
including the Cbn^l/^nts"' Report 'and those comments on the Consultants' 
Report' that are X.6 ,*publis>ied. 
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Appendix ^ * ' 

Mathematical Sciences Discipline/ broup ^ * ^ 

Est"ablisbmerft of Group 

a. On November 15, 3:9747T)CQS ai>thorized the establishment of^a 
Mathematical Sciences Discipline Group with the following 
menbership: two^-ftron each university intending'to carry-on 
graduate wark, and containing at least three persons workijig .J.n 
each of 'the four areas: pure matheraat ics'» applied mathematics,* 
statistics', computing-. If the persons nominated by Xhe ^ 
universities should not include three frbm each area, ACAP is 

to coopt additional professors to make up the necessary 
number. Whan there are_ matters for which it is desirable;to have 
input from every university concerned with one of , the four 
areas, the Discipline Group wfll be expected to/establish ad 
hoc subcommittees. 

b. Changes of *a university's representative ^re to be notifi^by 
the e.xecutive head. 

' C' The Group shall select, its own chairman. 
Meet ings » * • - 

a. The Discipline Group may meet at the call of its chairman or in 
accord with its own arrangements. , , 

b. TKe Discipline Groui? may he called to meet by li^^e^^flxecut ive 
Vice-Chairman acting for^CAP. 4""'^*, '\ 

Re s pons! bilities ^ 

COU has instructed ACAP to' conduct a planning assessment in the 
Mathematical Sciences and' the Discipline Group will assist and 
advise ACAP and generally facilitate the assessment. ^ 

^ " ^ 

' In the future, the Group is to keep' under review the plans for 
graduate work in the 'Mathelnat'ical Sciences ii^ntarioi including 
rfe^v' developments and trends in the dlscjpl^tte, and to make reports ^ 
to A@AP on a regular basis. Fgr this purpose ACAP will assist the 
group in obtaining information ^nd cjata, as mutually agreed. 

The Group may make recommendations to ACAP in connection with 
graduate work in the Mathematical Sciences when it considers it 
appropriate . * ^ . ' 
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DISCIPLINE GROUP MEMBERSHIP 



Brock . 
Carleton 

Guelph 



Lakehead 



McKaste't 



J, T, Mayberry' (observer) ^ ^ 

D, A, Dawson • ^ - 

J, D. Dixon r 

C, K. Capsfick, , until September, 1976 
R? E, George ^ ^ , 

T. D, Newton, until September, 1976^ 
Ri G, Buschman ■ 

G. K, Fleming,^ until November, 1975 

C. F, Kent 

J, H. M, Whitfield 

■% 

K% A, Redish, until October, 1975 

A. Preston 
*Cl R. Riehm 



Qttawa 



\ 



Queisn s 



Toronto 



Trent* 
Waterloo 

•Western Ontario 



^Windsor 
York 



L. G. Birta • - ^ ^ 

R. Vaillanct)urt:, until Se'ptember, 1976 

W. D. Burgess 

J. Coleman ' 

D. A, Jardine 

*G. F. D. Duff, until May, 1975 

^S. ST^itrh ' . 

T. E. Hull, until May, 1975 

P. Humfe 

J, Wl Jury- (observer) ^ - 

J, D. Lawson 

D. A^ Sprott, until July, 1975- 

J. G. Xalbfleisch 



I ^ 

\ 



J. H. Blackwell, until^ September , 19^6 

S. c; R. Dennis 

D. Borwein 

P.'n. Kaloni 

F. W. Lemire 

g\ E. Denzfel' 

A. P. Trojap, until November', L975 . 

,H, K. Botta\ 



hairman 
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' Ontario Cdprrcil oja Gradiiiate Studies ^ y ' 
'* ' By-Law No. 3 , 

A^y-Law to .establish a Committee on the Academic Pla.nning of Graduate Studies. ^ 

1. The Ontario Council on Graduate Studies, recognizing the impertan ^^ * * 
providing for the continued and orderly development of graduate studies * 

/' the Ontario universities, establishes a, Standifig Coj^mittee to be known as 

the Advisory Conanitt^e on'-'Acradem^'' Planning (abbreviation - ACAP). 

Interpretation • , ^ • ^ ^ 

• ■ - ^ V . ' • / 

2. *'In this ay-Lav, * ' ' , * 

. (a). '^Committee" without further specification, means the -Advisory Commi^ttee 
oa Academic Planning; - " * , v i 

(b) "Cou^ciT' or OCGS means the Ontario Council on Graduate Studies; 

*j ' " • 

(c) **Coinmltti^e of Presidents"' or CPUO means the Committee of Presidents of 

• / ■ • ^ _ _ 

• T - - - - — 

Universities ^f Ontario; , ^ ' . . . 

(d) "university" means a provinclally assisted university in Ontario; 

(ey "discipline"' m^ans any branch or combAnation' of bra^nches of learrfing so 

deari^ated ; ' . i 

(f) "discipline group" means a body designated as such by the Committee of 

Presi<ientd of Universities of Ontario, and -normally consisting, for 

any one discipline, of one representative from each of the interested 
un'iversitie»; 

- (g) "planning assessment" means a formal review of current anci projected 
graduate programmes within a discipline or a'groxip of disciplines;'. 

(h) "programme" signifies all aspect-^. of a particular graduate undertaking; 

(i) "rationali2ation".-^aeans the arranging of graduate prograiranei in order to 
avoid undesirable duplication, eliminate waste, and enhance amd sustain 
quality. ^ , - • , 




Meni)ersh'ip • > ^ ' • 

'3. (a) Th€ ^Consmittee, shall consist .of at least seveVi membeFs of ^he professoriate 
, in Ontario .universities , some of whom shall be members of the Council. 
. (b) The members o^ the Committee shall serve for such periods of time as the 

Council 'may determine, and they shall be selected in such manner as may - * 
provide for reasonable balance both of^ academic disciplines ancf of 
iHiiversities . . 
(c) The memb^/s^of the Committee shall be appointed as individuals. 

Chairman ^ . • ' ' ^ 

4. , The Chairman pf the Commit tee ' shal^be named by the. Council, and he shall have 

>' 1 

one vote, ^ ^ ' ^ ^ ^ ^ , 

Quorum • - » ' . • 

5* A majority of all numbers the Committee shall constitute a quorum. / 

Functicms ' 

6. The functions of the committed shall be * * - , 

(a) To advise OCGS;on steps .to be taken to implement -effective provincial 
planning ,of graduate development; * - ' 

(b) To"prQmote the rationalization of graduate studies within the universities, 
in cooperation with the discipline groups; 

(c.) :To recommend, through OCGS, to CPUO the carrying out of planning assessments 

of disciplines or groups of disciplines and. to recommend suitable^ arrangements 
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an'd procedures fpr each assessment; 

(d) > To supervise the conduct of each planning assessment approved by CPUO; 

(e) To 'respond to requests by CPUO to have a discipline assessment condocted 
by proposing suitable arrangements; • ^ , 

(f) to^ submit to CPUO 'the reports of the assessments together with any 
recommendations which the committee witshes to make', "^fc^^ report 

- shall be sent to Council. - ' ' * ' 



jurisdiction * ^ . ' ^ ' " " .-^ ^ 

?• In order that the Committee may discharge the., functions described in Section 6 , 
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aboye, it shall be' authoyized * \ 

. • ~ * . -X 

(a) to request a university to provide such, informati^on pertaining to graduat 



L/xiitiu - y 

' ■ { 

studies as enable the Committee to discharge it's functions; 

*(b) . to request a dj.sci<ipliri^ group -to p^Qva.d&--such information as may ena.ble the 
.Committee t;.o discharge its functiOiijs; - y 

(c) , to receive reports from the univer^it ie's and from the discipline groups,- 

i - 

and to comment and communicate with the universities -and the discipline 

• N ./ .^^ ^ ^ ^ • 

• ' - groups concerning such reports; \ . ' ^ ' 

(d) to convene a ^^eeting of any disG-^line gr^oup ^or the- purpose of discussing 

• ' -f - ♦ -\- . . . 

the development to date, and piroposals^or the future development of. 



graduate studies in the discip^|fine concerned; 

(e) to send one or jTiOre representatives to a meeting of a discipline group at 
' th^ invitation of thei discipli/ne group; ^ 

(f) to -make such suggestions to a discipline , group as may be deemed appropriate 
to the functions of the Committee; ' " 

(g) to supervise the conduct of planning assessments, and to report thereof to 
the Committee of Presidents 6f Universities of Ontario; - • . ^ 

-(h) generally to report and to make recommendations to the Council;. J 

' / ) 

(i) to s^^k and receive advice from appropriate experts; . • ■ 

(j ) to employ consultants in connection with planning assessments , / 

Procedures ^ • ' i 

■ ' • ^ I 

8. K The procedure to be followed by the Committee shall be as approved by ^he / 

• ^ • * ' ' . ' ' • * i ' 

Committee of President^ of the University of Ontario: ^ \ 

9. ' The Committee^s function is solely advis(yry. ^ . : ' . 
Effective Date ' ^ ^ ^ 

10. This By-Law' shall take effect January, 1971. ^ 



ACAP DISCIPLINE GROU^^S AND irf^IR ^ROLES 



»1. Establishment of a Group 



When it is considered desirable to activate planning of graduate work in some 
discipline(s) _or interdisciplinary area, <?0U, oa -.the advice of OCGS, will autjiorize 
'the establishment' od^an ACAP discipline^' group , if it was not already approved*' and 
included iti the May,, 1968 list. If it is already authorized, ACAP may decide to set 
it up as described in paragraph b. ' ^ 

^he. Executiv/ Vice-chairman of ACAP will then invi.te the executive head of each / 
university (including Waterloo Lutheran Univeisity) either to nominate a member \ 
of the discipline group or to 'indicate that his university^ has no plans for gradi- 
uate^ stJtidy in this discipline in the next five years or so. If a university cail ^ 
state no plans fop fut^pxe graduate work in the subject, but feels that a watchltig 
brief is desirable, it may appoint an observer to the group. - / 

Changes of a university's r.j^pf esentati*te are to be notified by the executive hfead. 

The group^ shall select its oya ghJirman. 

2, Meetings ^ . ^\ , * . 

^ A discipline grotfp may meet at the call of its .chairman or in acco^rd with its own 
arrangements; * ^ ^ ; ^ 

A discipline group may be called to meet by the Executive Vi^e-Chairman acting for 
ACAP. ' . . - 1 ' i. 

• 3. ^ Responsibilities ' ' • * 

The group is to keep under review the flans for graduate work in its discipline in 
Ontario, including new developments §nd trends in the^ discjlpline , and to make 
reportfe to ACAP on a ^regular bdsis. 

The^group may make recommendation^ to ACAF in connection with graduate work in 

^ts discipline when It considers it appropriate. • 

\ ^ r ' ' . ^ ' . ' 

ACA? will assist' the group in obtaining infoi*mation and data, as mutually agrefed. ^ 

When COU has instrdcted ACAPi to conduct a planning assessment,' the disciplii\e 

group will ^ssi^t and advise ACAP in ^determining pirocedures' and terms^of reference^* 
will report as requested and will generally facilitate the assessment. 

' f , 



Approved, by OCGS March 22,- 1973 
^nd by-'C^ ^pyil 6; 1973'. 
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CURRICULA VITARUM OF THE CONSULTANTS 



Consul tar^s ' - Gl - G3 



'J 



Advisors G4 - Gil 
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^ . . ' ' G-l 

'* * 

^ ' 'GARRETT BlRl6lQFF > 

•Born Princeton, New J-ersey, January 10, 1911 

A.B. ^^.'H^rvar,d, 1932 • ** * - 

Honorary doctorates from: *^ ^ V^- ^ - ^ 

Uqiversidad Nacional de Mexico (l95i) . , ' ' 

University'' of Lille (1959) ^\ ' r 

Case Institute of Technology (1964) 

.* ' . ^ ' ' . ^ 

Harvard University , ^ Instructor , 1936-38 « i 

Assistant Professor, 1938-41 . . * -•■^ 

' 'Associate Professor, 1941-47 

Prof essox,. -1947- ^ • . ' * 

K Putnam Ptof essor *of .Pure aud Ap^plled Mathematics, 1969- 

Congurtant for various industrial and governmental laborafeoirieg 

buggenheim .Fellow, 194"8 ^ ' , . ^ , 

Member, National Academy of Science , ' - 

Member, American Academy t>f Arts and -Sciences , Vice-President, 1966-67 ^ ^ 
Member, Association of Computing Machinery 

"Member, Ma themati'cal Association of Am^jida, ^^e*»President 1979-71 ^ . 
Mepiber,' American Mathematical Societf^^, Vice-president , 1958/59*^ 
Fellow^ Amer ican Nuc lear Society • ^ ^ 

Member; American Philosophical- Society * . 

Member, Society^ Industrial and Applied Mathematics , 'PrBsident , 
Memjjer, Mexican Mathematical^ociety ' - 

Fluidf mechanics ; riunierical 'analysis-;- react&»^ theory ; modern algebra * T , 

Address: Departipefi-t or Mathematics > " ^ ^ , . 

Harvard Uniyersity - 

1 Oxford Street - , . ' ^ ^ . . 

Ciambridge, Massachusetts - ' " ^ „ , 

02138 ^ • * 
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DAVID R. COX^ 



B^rn Birmingham, Englaijd, July' 15 »' 1924 

B.A, ^. Cambridge,- 19A4 / 

M. A.V Cainbrid'ge, 1950 ^ _ 

Ph'.Jf. ' Leeds, 1949 ' , / 



;-; . ...... ^ , " • - ' • ^ . 

l(oyal -Aircraft Es^tablishment, Junior Scien'tific Officer, 1944-4& 
Wool Industries Resea-roh AssociaUon, Scientific Officer, 1946-50 ■ * 
Statistical Laboratory , Cambridge , Assistant Lec.ture/,; 1^50-55 \ ' 

. " University of North Carolina,* Visiting Trofessor, 1^55-^56 

; .University -of 'London,' Birkbeck College, Reader, 1^56-61 ' * ' ' ' - 

' . ^ " / ^ , Professtft, 1961^66 ' ' * x 

Bell TeJ-ephone Laboratories, Technical^^ taf f , 1965, « , . ' -v^ 

University of London, Imperial ' College of Science and Jechnology ^ ^ ^ 

' ' X ' ^- ' ^ ' Professor of Stdtlsti^cs , '1966- ^ • 

'Head of I Department of Mathematics ,^ 1970,r74' 

I* - ^ • ^ * , • , » * 

« \ ^ ' . • * ^ , ■ ^ . ' ' 

Editor, Biometrika, 1966- ^ : // ' . , ^ 

\- Fel^^, Royal Society . . ^, ' \ 

Foreign Honorary Memb*ef , A-merican Acaxlemy. of Arts and Sciegices - . . - , 
Guy Medals in Silver ahd liold,' Royal Statistical Socievfy- ' ' . ^ ^ , .' 

Statistical methods; statistic'al - theory ; applied probability theory; oper- 
j^ation^ research. ^ ^ 

.Adcli;4Ms: Department of Mathematics / • ^ . . " \ 

. Imperial CoJ^lege of Science and Technology ' ' ^ ^ I. * 

180 Queens Gate ' ' . . ^ 

^ondgn, England ^ ' , ^ 

^ SW7 2HH . ' . ^ ' , . ^ ^ 
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ALLAN H, MQRRISH 



Bom Winnipeg, Manitob'a, April 18, 1921 



B.Sci ^Manitoba, 1943 . , 

M,A^. , Toronto, ^^46 . ^ . 

Ph/D. ,<:hi^po, 1949 

• > • . / ' , . 

University' o'f British ColMinbta,^ Lecturer 1949-50 

Research Associate, 1951-52 
Universifey'/of ^nnesotS, - Department of Electrical Engineering 
, , , Research Associate, 1953-55^ 

' • Associate Professor, 1955-59 

/ " • * Professar^. 1939-64 

University of ^janitoba, ipepartraent of ?hysit:s ^ * 
, ;/ ; ^ ^ . Pro^essai^, 1964-'^^' ' 

• ^ Head, - 1^66- 



NRC Postdocrorate Fellowship, Bristol University, 1950-51, 
Guggenheim Fellow, Oxford ^University, 1957r58 . ' 

Fellow,' InstitutjB of Physics . ' . ^ 

Feilow, "^ifrican Physical- Society 

Fellow, iBfal Society o^f Can'ad^ , - , , ^ 

Associate Tdi tor, Canadi^ Journal of 'Physics, 1968-73 

44ember, NRC Physits €rant 'Selection CoTMit tee , 1*969-71 - . . ' 

Member, DRB Advisory^Cpminit tee 'on Physics *Res^arch , 1967-73 

President, Canadian^ Association of Physicists ,. 1974-75 * • * 

Convehbr, Physics Subject Div-tsion, 'Royal* Society of Canada, 1972-73 - 
President, University of Manitoba Chapter ^, the Society of the Sigma Xi, 1968-69 



Cosmic rayg^; solid st^te physics; magnetism 



Address: Department of Physics 
University* of Manitoba 
Winnipeg,- Manitoba ^ 
Ht 2N2 ' ' 
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DAVID R. BRILLINGER* 



/ ' 



Born Toronto, OntariOj October 27,j'1937 » ' ^ 

^.B.A. ftoronto, 1959 . * ^ * ' *^ ^ 

>»' M.A. , PriTiceton, 1960* " * • 

>h.D. Ptinceton^ 1961 ' ^ 

BeJrl Telephone Laboratories, Member of Technical "Staff , 1962-64" ; 
Princeton U;ai\fersity , Lecturer,' 1962-64 • 

London School of Economics, Lecturer, 1964-66 ^ 

Reader, 1966-69 ' ' ' 

University oi Calif ornia, ' Berkeley, Professor of Statistics, 1069- * 

- ■ " • , ^" ■ ' ■ • 

\ Fellowir Xnstitute of Mathematical Statistics 

> ' ^Fellow, American Statistical Association , { . 

' Member, International Statistical Institute 

-^Countil Meiiber, Institute of Mathematical Statfst'ics, Vilk-11 
^ Council Member-, Bernoulli Society for Mathemafc4.cal Statistics and Probability , ^ 
\ ,^ - 1975-79 ^ _ *: ^ , . ' ' ' 

Associate Editor, the Annals qf Statistic^ . 

Associate- Editor , the^Annals of Probability ' 
Editorial Board, Journal of Multivariate Analysis -^^-^ ^ ^ / 

Miller Research Professor, 1973-74 ' * - 

Guggenheim Feilow, 1975-76 - ^ ' ' ' ' ' T^"*^' ' 

' ' ^ ' ■ f 

Applied probability; applications of statistics; sai^dom processes; statistical 
* computing 




Address: Department of Statistic^ 
University of 'California 
B^erkeley, California 
94720 
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JOHN E. HQPCROFT 

\ 



Born Seattle,- Washington, October 10,^1939 



Bi»S.- Seattle, 1961 

M*S. , / Stanford; 1962 
Ph.D. ' Stanford, 1964 
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•Princeton UniA>fersity, As§istant 'Prof essgr , 1964^67 
Cornell Uhiv^rsity, Associate Prof essor , 19i6f 7V2 

Professor, 1972- \ ' 



Member, National Science Foundation Advisory Panel for Computer Science, 1971^74 
Editor, Managing Editor,* SIAM* Journal, on Conipyting, ^972-74, 1974- ^ , 



Finite automata; computer organization; prog ramping languages 



V 



Address: Department of Computer Science 
Cornell University 

Ithaca, New* York ' / ' " 

14853 
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JAMES M. KENNEDY - 
Bom Ottawa, Ontario, April 25, 1928 » / 



B.A, * Toronto, 1949 
M.A. TorontOf 1950 

.Ph,D, Princeton, 1953 



Atomii^ Energy of Canada Liinite4» Assistant Research Officer, 1952 

^ * Associate Research Officer, 1955^^, 
Director of Computing Se^rvices , >A956 
Senior Research Officer, 1959 / 
Principal -Research fofficer, ly64 ^' 
University of British Columbia » Director oL the Computing Centre, 1^66-' 

Professor of Computer Scietic^, 1968- 
\ Acting Head, Department of fiomputer ^ci^Tice 
1968-69 and 1973-74 * / 



/ 



President, Canadian Inf-onnation Processing Society 
Member, Canadian 'Information Processing Society 

Member, Canadian Mathematical Congress ^ 

Membet, Canadian Associatioq^^pi^^hysicis ts , I 
Member, TJRC Associate Committee on Computers^ 1963f71 
Associate Editor, INiHf,* 1974- 



1971-72 



/ 



Computer applications"; mathematical software; ope^r 



ating systems 



Address: Department of Computer Science 
University of Britfi'sh' Columbia 
Vancouver,. British Columbia 
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WILLIAM H. KRU 




Boi:n New Yorli^'City, New York, October'lO, ,1919 
* i 

S.B/ ' Harvard, 1940 • / o > 

M.S. Har\^0rd, 1941 

Ph.D, » Coljjmbia, 1955 



Kruskal find Kruskal, . Inc. , Vice-President, 1946-48 
Columbia University, Lecturer, 1949--50 
University of Chicago, Instructor,' 1950-51 

• Assistant Professor, 1951-i7 

Associate Professor, 1957-62 
Professor, 1962- 
V \* ' • Chairman,' 1966-73 ^ ' ' ' . 

* ^ ^ ' Dean, Division of Social Sciences, 1974- 

Ernest DeWitt Burton Distinguished Service Frofessor, 
. ' ^ ^ • . DepaiPtment of St'alistics *and the C(?llege, 1973- 



Fellow, Institute of Matliem^tical Statistics 

,Fellow, American Association fo| the Advancement; of Science 

Fellow, Ainerican Statistical* Association 4 

Fellow, American Academy of Arts 'and Sciences 

Editor, Annals of Mathem^jCical ft^atistics , 1958-61 * ^ 

President, Institute of Mathemaiical Statistics. 

Vice-^President , American Statistical Association, '1972-74 

Member, President's Commiss^ri on' Federal Statistics, 1970-71 

Chairman, Committee on'N«ti(>h^I Statistics, 19'71- 



Linear liypathesis theory; nonparametric.-analysili; 'statistics and;public policy 



Addrjess: Department of ".Statistics 
University' of Cbicago/ , 
Chicago; Illino^ 
' ' . 60637- . 
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4 WILHELMUS A. J. LUXE^ffiURG 



1 , • ■ • 

'Born Delft, The Netherlands, April. llj 1929 f 

V ■ ^ * " ' * 

, I^.A. ■ Leiden, 1953 , / 

• Ph.D. ' Delft, 1955' / - 

Queen's' University, Canadian NatipnaL.Rese'arch Fellow, 1955-56 , 
University of Toronto, As'si^tant Profesgoi', 1956-58 
. * California Institute*of Technology, Assistant Professor 1958-60 

' * . Asso(^iate 'Professor, ,1960-'62 

• ' ^ ^ ' ^ Prof^^sor, 1962- 



ExecUtv^^ Officer for "Mathematics, 1970- 



Corresponding Membejr,' Royal Academy- of Wiences of Amsterdam, 1974- _ 
Editor,, North-Hollsftid Mathematical Library Series 

* • ^' " . . " 

Functional analysis^ spaces of measurable functions;- integration theory; 
approximation*; theory ; lattice theory; nonstandard ^analysis 

■•>.". ' ' ,/ 

Address: 817 South El Molino Avenue - ' ' . ' ^ 

Pasadena, California • <\ • , ^ 

91106 . . , ; 

• ^ " y •'^ .... 
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NATHAN S . MENDELSOHN ' 



Born^rooiayn,. New York, Apiril 14^,1917 



B.A.' • Toronto, 1939 * 

.M.A, Toronto, 1940 ' 

^Ph.D. - c,-rTi3ronto, 1942 - 

University 'of Toronto, Teaching Fellow, 1939-42 
Queen's University, Lecturer^ 19'45-46 
University of Manitoba, Assistant Professor- 

Associate Professor 
^ Professor 



Researclj Scientist, National Research Council 
Research Scientist, Defence Researcli Board, of Canada 

Research Scientist , Inspection Board of the United Kingdom and\Cana$ia 
Member, Natiorral Research Coupcil , Propellants' $ub.-Co;nmittee of the Committee 

on ExplQsives , ' , ^ • . . , ^ 

Fellow, ^Royal Society* of Canada . ' ^ ' " • ' 

•President,^ Canadian .Mathematical Congress, 1969-71^ 

M^ber, Nati-onal Research CouiKil , Scholarship SeJ.$ctictfi Committee, 1969-71 
•Canadian deleg'ate to the International Mathematical Union, Stockholm 1^62, 

Moscow 1966, Nice '19/0 » ' . ^ . ^ ^ 



.Algebra; geometry; combinatorics # 



'Address: Department ©f Mathematics and Astronomy' 
University of Manitoba 
Winnipeg ,^ Manitoba 
^ . R3T 2N^ ^ ' . . , 
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[■.s ^ ■ IAN SNEDDON 

s ■ ~ ■ • < 



Born Glasgow, Scotiand, December 8, •1919 



fi.&c. ♦Glasgow, 1940 ^ ^ , . • 

B.A. * fambridge, 1942* ^ ' - * ^ • 

D.Sc. ^ Glasgow, 1948 \ . " 

D*Sc. (Hbnorary) , Warsaw, 1973 , , 

■ 4^ ■ 

U'.K. Ministry of Supply, Scientific Officer, 1942-45 

University of Bristal^ Hr H.»Wills Physical tab., Research Ffellow, 1945t46 
University of GlasgoV, Lecturer in Natural Philosophy, 1946-50 
University ^fi Keele, Professor- of Mathematics, 1950-56 
Univers/ty of Glasgow, Simson Professor of Mathematics, 1956-^ 

• Dean of Faculty of Science, 3^^70-73 f 



Officer of the Order of ^ the British Empire, 1969 
Commandeer of the Order of Polonia Restituta, 1969 



Fellov, Royal Socierty of Edinburgh * , . ' 

Fellow, Insti tute^of ^t'hematic*s and Its Applications ' ^ 

^Foireign Member, Polish Academy of Scienoes 

Cdnt.inuum mechanijcs; boundary value problems of mathematical physics;- applied 
.functional ^analysis y ' ' * 

Address: Dej?artment of Mathematics ' " * . 

4^niversiGy of Glasgow . • * 

. Glasgow, Scotland 

G12 8QQ ^ . * 



1^ 



G-11 



MAX WYMAN 



Born Lethbridge, Alberta, April 14, 1916. 



B.Sc.^ ^ Alberta, 1937 

PhJD/ California Institute of Technology, 1940- 



National Research Council, Munitions Gauge inspector, 1940-41, 1942-43 
Ifhiversity of Saskatchewan, Lecturer, 1^941-42 ' ; . . 

University of Alberta, Lecturer, 1943-45 > ^ ^ . 

Assistant Professor, 1945-50 
Associate Professor, .^950-^6 * 
Professor , 1956- 

Chairman, Department of Mathematics , 1961-64 

Dean Science, 1963-64 
^ Vic^President (Academic), 1964-69 
'PresideatV 1969-74 

University Professor, 1974 ■ - 



Fellow, Royal Society of ^Canada . ^ ^ . 

Member, New York Academy of 'Science 

Member, Cana^i^p Mathematical Congress, President 1963-65. 
Member^. Amer^l^ari Institute' of Physics ' \ 

Editor, Canadian Journal of Mathematics , 1958-64 

Meihber, Federal Electoral Boundaries Commission -for the Province of Alberta 
1972-73 

Member, Board of Review for Provincial Courts in Alberta, 1973- 
Chairman^ Alberta Human Rights Commission, 1974- 



RelaCivity theory' and asymptotics 



Address: ' University Professor 
/ University of Alberpa 
Edmonton, Alberta ' 
T6G 2G5 
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